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2SUMMARY.
Reaction of the (3-ketoesters namely methyl (and ethyl)
3 , 3a-dihydro-3a-hydroxy-2-oxo-2H-cyclopenta( 1 )phenantheVene-1- Oj 
-carboxylate (primary-condensate), of methyl (and ethyl) 2 ,3- 
-dihydro-l-hydroxy-2-oxo-lH-cyclopenta(1 )phenanthrene-1-carb­
oxylate (iso-compound), and of methyl (and ethyl) 2 ,3-dihydro-1- 
-oxo-lH-cyclopenta(Z)phenanthrene-1-carboxylate (hydriodic 
acid reduced product) with ammonia, hydrazine, acetylhydrazine, 
and ethyl carbazate are investigated and several novel compounds 
are described.
Reactions of the iso-compound with hydrazine, acetylhydrazine, 
and ethyl carbazate give the expected hydrazones and a second 
molecular proportion of hydrazine also reacts to afford the 
hydrazide-hydrazone, Reaction with ammonia includes rearrange­
ment and leads to 3,3a-dihydro-3-hydroxy-2-oxo-2H-cyclopenta- 
( 2 )phenanthrene-l-carboxamide,
The hydriodic acid reduced product reacts analogously with 
acetylhydrazine, and ethyl carbazate (to give hydrazones) but 
with ammonia the pentacyclic ring is opened and the half ester- 
-half amide (-half hydrazide in the case of hydrazine) corres­
ponding to 9 ,10-phenanthrenediacetic acid is obtained.
The primary-condensate forms hydrazones with acetylhydrazine, 
and ethyl carbazate in acidified methanol, but isomerisation 
of the olefinic bond occurs and a methoxy group is incorporated 
in the reaction products methyl 2-acetylhydrazono-2 ,3-dihydro- 
-1-methoxy-2-oxo-1H-eyelopenta(Z)phenanthrene-l-carboxylate 
and methyl 2-ethoxycarbonylhydrazono-2 ,3-dihydro-l-methoxy- 
-lH-cyclopenta( I ) phenanthrene-l-carboxylate, Hydrazine partici­
pates in a Michael type addition reaction and a heterocyclic
product 1 , 2 , 3 , t^a, 12b7hexahydro-12b-acetic acid ethyl ester 
-4a-hydroxy-3-oxo-1,2-diazatriphenylene is formed. This 
diazatriphenylene gives the acetyl derivative and undergoes 
thermal elimination of ethyl acetate and water to form a 
dibenzocinnolone namely 2 ,3-dihydro-3-oxo-l,2-diazatriphenylene, 
A Michael type addition occurs between the primary-condensate 
and ammonia, leading to 9-amino-9-carbamoylmethyl-10(9H)phe- 
nanthryleneacetamide,
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8C H A P T E R  I
INTRODUCTION
Chapter I Introduction
The carbonyl group in aldehydes and ketones,
The salient feature of the carbonyl group in aldehydes 
and ketones is that the carbon atom is electron deficient, 
i,_e,, carries a partial positive charge:
0 0“
I . I+ ,
R —  C —  R — ------------ - R —  C —  R
This atom is therefore the site of attack by nucleophilic
1 q
agents. The driving force of such attack depends in part 
on the basicity of the attacking agent and in part on the 
degree of electron deficiency of the carbonyl carbon atom. 
Electron donating groups on the carbonyl carbon diminish 
the electron deficit and account for the fact that the 
carbonyl carbon frequently exhibits diminished reactivity 
towards nucleophilic reagents in a(3-unsaturated ketones, 
acids, amides, and esters, ^
The most characteristic reactions of carbonyl compounds 
are additions across the carbon-oxygen double bond. Such 
reactions involve the attack of a nucleophilic species at 
the carbonyl carbon to give a tetrahedral intermediate in 
which the oxygen retains a negative charge. Subsequent 
protonation or association with another electrophile yields 
the product. Alternatively, in acid catalysed addition 
reactions a proton first becomes associated with the
carbonyl oxygen, thus activating the carbonyl carbon towards 
subsequent nucleophilic attack.
On the other hand electron withdrawing groups parti­
cularly on the a-positions enhance the reactivity of the 
carbonyl compounds, because the electron shortage at the 
carbonyl carbon atom is increased. Such compounds as 
chloral and bromal in fact do possess unusually reactive 
carbonyl groups.
To account for the properties of carbonyl compounds 
it is necessary to consider the electronic distribution of 
the carbonyl function.
Carbonyl carbon is joined to three other atoms by 6  
bonds, since these bonds utilize sp orbitals [for fuller
detail see The Chemistry of the Carbonyl Group, (Saul Patai, 
Ed,), Interscience publishers, 1966, vol. I p, 30], they
of the carbon overlaps a jd orbital of oxygen to form a 7T 
bond; carbon and oxygen are thus joined by a double bond:
The part of the molecule immediately surrounding the carbonyl 
carbon is flat; oxygen, the carbonyl carbon, and the two 
atoms directly attached to the carbonyl carbon lie in a plane.
the carbonyl group particularly susceptible to nucleophilic 
attack at the carbonyl carbon.
lie in a plane and are 120° apart. The remaining jd orbital
R
Consequently, both electronic^ and. steric factors make
11
The steric factor plays a very important role in the
reactions of the carbonyl group. Reactivity falls off
with increasing size and bulkiness of the attached radicals.
In dimesityl ketone, for example, the carbonyl group is
practically immune to nucleophilic attack.
As might be expected on steric grounds, the lower
members of the cyclic ketone series are more reactive
than the corresponding open chain ketones. This difference
is illustrated by the behaviour towards sodium hydrogen
sulphite which forms addition products with compounds like
9 ,10-phenanthraquinone (and benzaldehyde) but which fails
to react with aryl ketones like acetophenone and benzophenone,
The cyclic ketones, however, show unexpected differences
among themselves, Cyclohexanone, for example is highly
reactive towards cyanide ion and semicarbazide whereas
eyelopentanone and eyeloheptanone are surprisingly resis-
2tant to attack by these reagents. These and similar
3
differences of reactivity towards perbenzoic acid have
k
led Brown et a l , to suggest internal strain as the main 
cause for reduced reactivity in the latter compounds.
The effect of aP-unsaturation,
Introduction of a double bond oc|3- to the ketonic 
function introduces a new factor and consequently dimini­
shes its reactivity towards carbonyl reagents. Broadly 
speaking a carbonyl group and a carbon— carbon double bond 
in congugatiQn act as a single functional group. The 
electronic stru^cture may be represented by the following
12
resonance forms.
0 0 
II I 1+ I
C  C =  C    ► -- C-— C — c
0” 0 ,
I l+ II - l +
C =  C  C —  ^ — c — c — c -
The most significant change in the chemical properties of
a(3-unsaturated carbonyl functions relative to isolated
carbonyl and carbon-carbon double bond is a modification
of the reactivity of the carbon-carbon double bond. The
addition of electrophilic reagents such as bromine is
5-8
greatly retarded. Such addition can be made to occur
only under vigorous conditions and with prolonged reaction 
times.
The mechanism for many addition reactions of the 
a(3-unsaturated carbonyl compounds depends to great extent 
on reaction conditions. Initial addition of the electrophile 
yields the carbonium ion (I) in which the positive charge 
may be considered spread over the whole of the conjugate 
system. Subsequent addition of a nucleophile may now be
+
C H ^ =  CH C = 0  + A
^  I
R R
(I)
to either of the terminal carbon atoms; although one of 
the two possible isomers is usualy more stable and hence 
predominant,
13
A number of factors affect the direction of addition 
reactions, an important one being steric hindrance,
Steric hindrance at the carbonyl group favours 1,4-additions, 
whereas steric hindrance at the 3 and/or 4 position favours
1,2-additions, This is demonstrated by the reaction of
9
ap-unsaturated carbonyl compounds with Grignard reagents 
as shown here.
t
R
R MgX
H_ 0
ii iii
CR R OH
1,2-addition
, 4 .  3 2 „ 1 R M g X  ,
R  C H =  CH-t- C R =  0 — --------- R R C H -- C H = C R —  OMgX
[r V ' cH-— C H = C R MOH] ---- :--r V ' c H  CH^— Cr '^=0
1,4-addition
i i i ii
When R and R are large, R has greater influence
t
than R ; however, by changing the reaction conditions
[in presence of copper(I) chloride or copper(II) acetate
etc,] the latter type of addition can be made to predominate
(free radical mechanism). Furthermore, highly branched
ketones (or Grignard reagent) fail to react in this way,
doubtless because of steric effects. On the other hand,
Elvidge and his co-workers have recently described an
interesting addition reaction of the Grignard reagents with
10
some substituted coumarins, where the steric factor does
t
14
not appear to be as important. Thus the ^-substituted 
coumarins undergo 1,4-addition with ethyl-, isopropyl-, 
and cyclohexyl— magnesium bromide. Because the presence 
of an -OH group in the 5-position does not alter the 
addition process, and -I substituents in the 4-position show 
marked improvement in the reaction, this seems to indicate 
that factors other than steric are also important.
The most striking effect of the carbonyl group on the 
conjugated double bond is the fact that the strongly 
electron withdrawing carbonyl group deactivates the carbon- 
-carbon double bond to a remarkable extent. Consequently 
it fails to react with organic peracids and no epoxides 
are formed. On the other hand alkenes which do not react 
with hydrogen peroxide in alkaline solution, form epoxides 
when unsaturation is oc(3- to the carbonyl group, which 
clearly demonstrates the electron deficiency of the double 
bond. The overall addition process involves reaction with 
the nucleophile at the (3-carbon atom in the first step of 
the reaction, whereas the positive part of the addendum 
adds at the OC-carbon atom in the final step to give the 
product. Of course reaction may progress further (as in 
the case of sodium hydrogen sulphite), and normal carbonyl 
addition results in the second step, as shown by the formation
R C H = C H  C  CH
II
0
3
NaHSO
3
R —  CH—  CH 2
0
II
C  CH
3
NaHSO
R  CH CH-— ■ C  CH_
i 2 I 3
SO^Na S03Na
15
of 3,5-diphenylpyrazoline (II) from benzalactophenone and 
hydrazine [l].
C/-H-— CH 6 3
C,H
H^NNH,
o 5
CH +
I
C— 0
C/-H-— CHNHNH0 6 5 | 2
CH_
C6Hg— C= 0
C/-H
6 5 ^
CH.
CH- NH
C/-H
V
[1]
6 5 N
(II)
Reaction of ammonia and its derivatives like primary
and secondary amines with the carbonyl compounds might be
general in the sense that the end product is usually a
1,2-addition compound. However, in practice only a few
of the most reactive carbonyl compounds yield stable
addition products. Conjugate addition on the other hand
has been realised with a wide variety of carbonyl compounds.
Consequently, ocP-unsaturat ed ketones and esters are known
to give (3-amino compounds with sufficiently basic nitroge-
11nous nucleophiles, such as NH^ and CH^NH^, Phenylhydr-
azine or hydrazine have also been used as donors, Hydr­
azones of aP-unsaturated carbonyl compounds often yield 
pyrazolines through intramolecular nucleophilic cyclization, 
Thus, hydrazine reacts with benzil [2], the cis-1,2-diaroyl- 
ethylenes [3], and p-ketoesters [4] to form, respectively, 
an eight member heterocyclic compound (III), the pyridazines
15and the pyrazolones as shown.
13
14
C6H 5 C
//
NNH,
c 6H5 C
NNH.
0
C— C,Hr 
I o 5
0/ /
c c 6H 5
,N— N
- 2 H 2 ° c 6H 5?
/ %
°,C6 H 5
C/-H_C GC^H_6 5 V / 6 5
n N— N 
(III)
[2]
C H 5 - C — 1R h n 9Hp—  SR FtnH CH5 ,9R
I 2 A ~H 2°r I 2 II -Et0H> I 2 II [4]
EtO— CO NH EtO— CO N C N
I I #  \  /
NH2 NH2 0 NH
oc|3-Unsaturated ketones and esters undergo addition 
16
reactions with malonic ester in the presence of sodium
l6a
ethoxide. The reaction was first observed by Michael
in 1887 and is named after him. Its- original scope has
17 '
been very widely extended. It now embraces almost any
reaction in which the donor molecule shows the presence of
18
active hydrogen by Zerewitinoff test and the acceptor
I I
molecule has general formulation — C=C—  C=0. On the basis 
of this some of the addition reactions undergone by ammonia 
and its derivatives are studied under Michael type additions. 
Thus conjugate addition of hydrazine to benzalacetophenone 
[l] shown on p.15 is included under this reaction. Another 
example is the self condensation of acetone under the 
influence of ammonia followed by Michael type addition of 
a molecule of ammonia [5] to the initially formed condensation 
product mesityl oxide. Formation of phorone by further 
condensation between mesityl oxide and acetone, and consequent
. \
appearance of cyclic triacetoneamine is shown on p .,18 [6]
2CH„C0CH,
NH
( CH_ ) _ C = C H —  COCH,
‘3 3 „ o 3'2 —  3
2 nh3
(ch3>c(nh2 )ch2coch3 [5]
>2
diacetoneamine
Recent studies have led to many exciting discoveries 
in the field of Michael additions, Schlessinger and his 
co-workers for example have further extended the synthetic
19
value of this reaction by employing carbanions (IV) and
. . 2 0  n
(V) in the conjugate addition to the a (3-unsaturated
carbonyl compounds,
Me02C— C (SEt)2 C02Et
S
(V)(IV)
The behaviour of the carbonyl function towards 
phenylhydrazine depends on many factors, the most important 
being position, type, and number of carbonyl groups, 
Monoketones behave normally yielding the coresponding 
phenylhydrazones, On the other hand 1,2-diketones form 
bisphenylhydrazones or osazones, The outstanding reaction 
of 1 ,3-diketones is the formation of cyclic compounds; 
thus phenylhydrazine yields a pyrazole, However, an 
important difference is the reaction of the nonterminal 
nitrogen atom on the hydrazine residue. Whereas hydrazine 
(cf. azine formation) furnishes both hydrogens for the
18
molecule of water which must be eliminated in 
the reaction, phenylhydrazine can furnish only 
one and reaction may be either with the enol form of 
the ketone or with the -OR group if an ester group is 
present in a suitable position and the second step of the 
reaction proceeds by the elimination of the alkanol, As 
a result the reaction of ethyl acetoacetate and phenyl­
hydrazine yields l-phenyl-3-methyl-5-pyrazolone.
Subhiitted to the action of ammonia, isolated carbonyl 
functions in ketones can yield cyclic substances, the 
nature of which varies with the structures of the ketones. 
Reaction of acetone has already been described on p. 17
The 0C(3-unsaturated ketones on the other hand add on ammonia
21to form (3-amino compounds ; consequently mesityl oxide 
which forms diacetoneamine [5] with ammonia may condense 
further with acetone followed by ammonia and give triacetone- 
amine [6] by the 1,4-addition mechanism.
NH
(CH3 )2C = C H C O C H 3 4 CH3COCH3  (CH3 )g=CHCOCH=.C(CH )2
phorone
NH
triac efoneamine
Carboxylic esters.
Esters that are derivatives of carboxylic acids, like
19
the acids themselves, contain the carbonyl group, C = 0 ,
This group is retained in the products of most of their 
reactions undergone by these compounds, and does not suffer 
any permanent changes itself. But by its presence in the 
molecule it determines the characteristic reactivity of the 
compounds and is key to the understanding of their chemistry. 
As with ketones, the carbonyl group performs two 
functions: (a) it provides a site for nucleophilic attack,
and (b) it increases the acidity of hydrogen(s) attached 
to the alpha carbon atom, as a result Claisen and Dieckmann 
type condensation (also see later) reactions are very
common for such compounds.
\
Isolated ester groups typically undergo nucleophilic 
substitution in which -OR is replaced by some other basic 
group. Substitution takes place much more readily than at 
a saturated carbon atom; indeed, many of these substitutions 
do not usually take place at all in the absence of a carbonyl 
group, . ■
As discussed elsewhere, both electronic and steric
factors make the carbonyl group particularly susceptible 
c
to m/l eophilic attack at the carbonyl carbon: (a) the
tendency of oxygen to acquire electrons even at the expense 
of gaining a negative charge; and (b) the relatively 
unhindered transition state leading from the trigonal 
reactant to the tetrahedral intermediate. These factors 
make esters relatively more susceptible than ketones to 
nucleophilic attack. In a two step nucleophilic attack at 
the carbonyl group it is the second step of the reaction 
where esters differ from ketones. The tetrahedral
20
intermediate from a ketone gains a proton, and the result 
is addition. The tetrahedral intermediate from an ester 
ejects the alkoxy group, reverting to a trigonal compound, 
and thus the result is substitution. One can see why the
0 0 OH
' H + IR — C + B ------- >- R— C — B  R — C— B
\ , I, I,
R R R
ketone, addition.
0 0 0
/  - I /  - .
R— C + B ------ R — C— B  R— C /  + OR
\ . I . \
OR OR B
ester, substitution.
two classes of compounds differ as they do. The ease with
- i
which OR is lost depends upon its basicity; the weaker the
— i
better the leaving group. For esters OR is fairly strong 
but for ketones to undergo substitution, the leaving group 
would have to be an carbanion which is probably the strongest 
base of all. So with ketones addition almost always takes 
place,
The nucleophilic substitution in esters is affected 
by the same factors as in addition to ketones (see p, 9 ),
It is favoured by electron withdrawal (c f , stability of 
negative charge) and is hindered by the presence of bulky 
groups. Dependence of the second step on the basicity of
- t
the leaving group OR is very important here. If acid 
is present, H + becomes attached to carbonyl oxygen, and 
makes it even more susceptible to the nucleophilic attack,
21
because oxygen can now acquire the electrons without having 
to accept a negative charge. This is why carboxylic acid 
derivatives are hydrolysed more readily in alkaline or 
acid solutions rather than in neutral solution.
Esters react with a wide variety of electron rich
t
moieties; in most of their reactions the OR group is 
replaced by the nucleophilic reagent. Thus, ammonia seems 
to react with the isolated ester function by a nucleophilic
i
mechanism. The product obtained by the substitution of OR 
group by amino function gives rise to amides. Reaction of 
(3-ketoesters with ammonia however differs greatly.
Ethyl acetoacetate for example reacts with ammonia through 
its enol form, and splits out a molecule of water to yield 
ethyl 3-aminocrotonate [7],
0 OH
II n h 3 I
Me — C— CH CO Et ---- — Me — C— CH CO Et
u  | &  u
n h 2
- H O
'[
M e — C = C H C 0 oEt [7]
I 2
nh2
ethyl 3-aminocrotonate
P-Ketoesters,
A very important reaction of an ester having hydrogen 
on the OC-carbon atom is to undergo base catalysed condensation 
with the second molecule of the same ester or with another 
ester (with or without OC-hydrogen) to form a P-ketoester,
The classical example is the formation of ethyl acetoacetate
22
by the self condensation of ethyl acetate by means of 
sodium ethoxide, This acetoacetic ester synthesis, 
frequently known as the Claisen condensation, has been
i
studied over a long term of years by C. R, Hauser and his
u 22
school, and has been exha's tively surveyed by C, R. Hauser
and B, E, Hudson.
In p-ketoesters like ethyl acetoacetate, the ester
and keto groups, as compared with those single function
compounds, do not seem to alter each other’s chemical
properties directly. However, the effect on the methylene
group is very pronounced and as a result chemical behaviour
at the OC-carbon atom is drastically altered. The methylene
group^by virtue of its activated hydrogens, influences the
ketonic function only to the extent that it enters into
keto-enol tautomerism and ethyl acetoacetate for example,
shows some of the modified reactions of alcohols and
olefins. This is to be expected because the inductive
effect of the ester and ketonic carbonyl groups acts most
powerfully on the OC-carbon atom to which these are directly
joined. Consequently the nucleus of the OC-carbon atom as
compared with methane is very strongly polarised; in other
words electrons of the OC-carbon atom are displaced towards
ester and ketone carbonyls, leaving it electron deficient,"^
The overall effect on the hydrogen attached to the
OC-carbon has been described as activation of the OC-hydrogen (s ) ,
and considerably increased acidity of the C— H bond is
responsible for many useful reactions including Claisen,
Knoevenagel-Cope, and Dieckmann condensation, and Michael
23
reaction.
The factors which govern the formation of carbanions 
are those of a-hydrogen activation with isolated ketone or 
ester groups. Qualitatively it may be considered to have 
increased two fold in (3-ketoesters because involved are 
here, two carbonyl groups. Moreover, on account of the 
higher number of possible canonical structures the carbanions 
are relatively more resonance stabilized with respect to 
.the isolated esters or ketones.
The carbanions although resonance stabilized are never­
theless high-energy species which react with positively 
polarized carbon, specially in the presence of a base. As 
a result, for example, ethyl acetoacetate itself forms 
metallic derivatives:
N CH CO _ +
CHr—  CO —  CH-—  CO Et ■- * ^ C H ' N a
J EtO^C
and can be mono- and di-alkylated by alkyl halides in the
presence of base:
Rcox _ I
) ElO — RY I
CH COCH'Et ■ CH COCHCO Et — CH.C0CHC0oEt
j 2 3 2 3 2
| EtO
RY “
CH COCR CO Et —  CH_C0CRC0 Et
* j £ cL 3 2
Particular work on the Knoevenagel-Cope reaction.
Condensation of aldehydes or ketones with compounds 
possessing active methylene groups in the presence of 
organic bases are generally grouped together under the 
name Knoevenagel condensation, Knoevenagel originally
23
reported this reaction in connection with the condensation
2k
between formaldehyde and diethyl malonate. To enable 
condensations of methyl cyanoacetate to occur with ketones,
24,25
Cope and his co-workers extended its application to
ketonic compounds, hence the reaction is sometimes known
as the Knoevenagel-Cope condensation.
The reaction offers a very convenient route to OcB-unsa-
turated acids and their derivatives and it has found wide
26
application in related syntheses. As a consequence, the
reaction is one of the most widely studied.
27a,b
Knoevenagel himself believed that the condensation
proceeded by initial formation of a bis(dialkylamino) compound 
(VI) by the reaction with the catalyst (primary or secondary 
amines, also see Hantzsch pyridine synthesis p . 25) this was 
followed by the reaction with the active methylene group 
to produce the end product (VII) as shown,
NHRr ' , C H C O C H  CO C H
RCHO ------------RCH (NRR ) ----^ ^
(VI)
R C H = C  (COCH ) CO C H + 2RR*NH i 2 2 5
(VII)
28 29
It was not until Verley and Doebner showed that
pyridine was a effective catalyst in Knoevenagel condensation
30
that Hann and Lapworth proposed an alternative mechanism 
in which the function of the base was to remove a proton 
from the active methylene component forming a carbanion 
which then added to the aldehyde as shown on the next 
page.
25
CH3C0CH2C02Et + B --------CH^COCHCC^Et + BH
0
I
RCHO + CH(COCH )CO Et  RCHCH(COCH )CO Et
I k
- H O  1
R C H = C  (COCH )CO Et -<-- — --  RCHOHCH(COCHq )CO Et
Stereochemical aspects of the Knoevenagel condensation 
involve two main types. The first is of stetic hindrance 
to the condensation and consequent failure of the intended 
reaction route. The second concerns the stereochemical 
consequences of the reaction, especially as regards the 
geometrical isomers of the unsaturated products, Un-
30-31
fortunately there are very few examples of condensation 
between ketones and |3-ketoesters, and generalisation
cannot therefore be made.
Condensation between two molecules of B-ketoester, 
one molecule of. an aldehyde and one molecule of ammonia 
usually gives the corresponding pyridine (VIII) and the
3 7reaction is commonly known as the Hantzsch pyridine synthesis
t
R
NH RChC- CO^R
R CHO + 2CH_C0CHX0_.R
CH
room temp.
prim,/second, 
amine catalyst
(VIII)
R CH[CH(C0CH )CO R]
r ' CH=C(C0CH o )C0oR
(X) (IX)
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When amine catalysts are used at room temperature or
above, it is possible to isolate the bisketoester (IX)
38-40
as the by-product from the reaction mixture. If
the reaction mixture is chilled one isolates the product
27b,4l
(X) in good yield, which is probably the intermediate
from which both the pyridine and compound (IX) are 
formed.
In the case of aldehydes as the carbonyl component and
3-ketoesters as the methylene component of the Knoevenagel 
reaction, a wide variety of products has been reported
42-44
under different reaction conditions, It is important
to note that many of the aldehyde ’|3-ketoesters condensates 
can be cyclized in high yield. Thus the condensate (XI) 
obtained from 2-thiophenecarboxaldehyde and ethyl acetoacetate
44
cyclizes to the product (XII),
C H (COCH )CO Et
CHO + 2CH COCH CO Et
C H (C0CHo )CO Et
C02Et OH C U j
(XII)
27
k5
Similar reactions of salicylaldehyde [8], an OC-hydroxy
33, 3 k
ketone [9H and (3-hydroxy aldehydes [10] have been
reported to yield 3-acylcoumarins, acylfuranones, and 
dihydropyranones respectively.
CHO
OH
+ r c o .ci^c o 2r [8]
C O , CH
CgH^COCHOHCgH^ . + C^CO . C H ^ O ^ H  — ^
'5°6  “ 3
R
RCHOHCH(R ) CHO + CH0C O . CH CO C H ---
j  2 2 2 5
[ 9]
[10]
Ried and Schmenecke have reported that an aromatic 
ortho-dialdehyde such as one from naphthalene forms a 
naphthotropone when condensed with acetoacetic acid;
CHO
CHO
ch3coch2co2h
C0_H
Phthalaldehyde reacts in a similar fashion with diethyl 
acetone-1,3-dicarboXylate to give the corresponding benzo 
tropone as shown.
CHO
CHO
CH2C02Et
+ CO
CH2C02Et
28
Condensate obtained from the reaction between 9,10-phenan- 
thraquinone and ethyl acetoacetate,
' Analogous reactions of diketones are very few. This 
is not surprising in view of the fact that generally ketones 
as a class are less reactive than aldehydes, which also seems 
to hold true for the Knoevenagel-Cope condensation. Conse­
quently the literature cites many examples in which the
•>
Knoevenagel-Cope condensation between ketonic compounds and
42a 47
(3-ketoesters has' failed under most favourable conditions, 1 
Reaction between a 1,2-diketone as a carbonyl component and 
a (3-ketoester as a methylene component seems to have been
31
first reported by Japp and Streatf Id (for detail see 
later), Two years later the reaction between benzil and
48 49
ethyl acetoacetate was discovered. Further investigations
of the later reaction have recently been made by Cort et a l ,
The former reaction is interesting because the condensate 
(XIII), obtained from 9i10-phenanthraquinone and ethyl 
acetoacetate is a (3-ketoester with a double bond oc8- to 
both the ester and keto group. Furthermore, derivatives 
can be obtained readily where the oc8-unsaturation does not 
exist, so that it is possible to investigate the reactions 
of a saturated (3-ketoester and the effect of additional
t
oc(3-unsaturation on the reactions ,
31,32
The chemistry of the product was investigated by
Japp and his co-workers in some detail and later investi-
50.51gations by Cope et a l , cleared up many points, although
spectroscopic methods of analysis were limited to ultraviolet 
and infrared absorption. The present work is an extension
29
of these investigations aimed at elucidating more of the 
chemistry of the product and of its derivatives, Of the 
newer spectroscopic methods of analysis namely "Yl nuclear 
magnetic resonance and mass spectrometry, the former has
been used extensively.
Condensation of 9 110-phenanthraquinone with ethyl 
acetoacetate was accomplished by Japp and Streatfeild by 
heating the quinone, ethyl acetoacetate , and concentrated 
aqueous ammonia under pressure at 100°, They isolated a 
product with molecular formula £20^ 16^4 * which melted after 
purification at 184,5-185.5°.
The primary formed condensate (Xllla) namely ethyl
3,3a-dihydro-3a-hydroxy-2-oxo-2H-cyclopenta(z)phenanthrene- 
31
-1-carboxylate was shown to oxidise to 9,10-phenanthraquinone
CO R
OH
HO
(xma) ; R = C2H5 (XlVa); R = C2H5
(XlUb) ; R = CH^ (XlVb) ! R =
by chromic acid. It forms an isomer, ethyl 2,3-dihydro- 
-l-hydroxy-2-oxo-lH-cyclopenta( I )phenanthrene-1-carboxylate
(xrvfi)5 when refluxed in aqueous sulphuric acid, Japp and 
Streatfjei^Ld also found that the primary-condensate (XIII)
30
could be obtained in better yield if potassium hydroxide
is employed as the condensing agent. Still better results
50-51
were obtained later by Lachowiz and Cope who employed
piperidine as a condensing agent.
The original authors studied several reactions of the 
primary-condensate (XIITa) and found that it reacted with 
bromine in acetic acid yielding the dibromo-derivative 
C20H l6Br2°4 ’ and reduction with hydriodic acid produced 
another product with molecular formula C^qH^O^ , The latter 
product which could also be obtained by reducing the primary- 
-condensate with acetic acid and zinc dust was further shown 
to undergo alkaline hydrolysis to yield a product, which 
from the constitution of its silver and barium salts was
31formulated as a dibasic acid - Both these products
were investigated by Cope _et a_l. who formulated the former 
product as ethyl 2,3-dihydro-2-oxo-lH-cyclopenta( I )phenan- 
threne-l-carboxylate (XVa )and identified the latter compound
51
as phenthrene-9,10-diacetic acid.
OH
,CH,
(XVa); R = C„H,. (XVI) (XVII)2 5
(XVb); R = CH3
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Another product, C ^ H ^ q O, derived both from the 
primary condensate (Xllla) and from the dibasic acid was 
proposed by Japp and Streatfeild as the [unlikely] dihydro- 
phenanthrone (XVI); it would be expected that this would 
tautomerise to the phenanthrol (XVII), These authors also 
obtained a second reduction product in the form of an acid, 
from the primary-condensate and fuming hydriodic acid in 
the presence of amorphous phosphorus, but they did not 
formulate it.
In another paper entitled "Ethylic Phenanthroxylene- 
3 2-acetoacetate,n Japp and Klingemann extended their studies
to the iso-compound (XlVa) and reported several other
derivatives of the primary-condensate, Thus, whereas the
iso-compound (XlVa) was shown to give a monoacetyl derivative
with acetic anhydride and a phenylhydrazone with phenyl-
hydrazine fairly easily, the primary formed condensate (Xllla)
failed to react with phenylhydrazine under vigorous conditions,
and formed a monoacetyl derivative identical with that obtained
from the iso-compound, Japp and Klingemann also attempted
to cyclize the phenylhydrazone into the corresponding pyrazolone
32
without success,
The isomer (XlVa) which could be reduced by zinc and 
hydrochloric acid in ethanol to a compound (identical
with that obtained from the primary-condensate by the action 
of hydriodic acid) was shown to form a product w*ien
treated with hydriodic acid. It was proposed that during 
the reaction of the iso-compound with hydriodic acid, hydrolysis 
of the ester group is followed by decarboxylation,
32
These authors also recognised that the product
51
later shown to be 2,3-dihydro-2-oxo-lH-cyclopenta(I )- 
phenanthrene (XVIII) could also be obtained from the dibasic 
acid phenanthrene-9 ,10-diacetic acid as well as from the 
hydriodic acid reduced product (XVa) by the action of heat.
(XIX)(XVIII)
The product ^20^14^3 ^°Se^ e r  with ^22^18^5 were obtained 
by Japp and Klingemann from the reaction between the primary- 
■condensate and glacial acetic acid. The product ^20^ 1^ 3 ’ 
which could also be isolated when the primary-condensate
5 1
is refluxed in aqueous sulphuric acid was later formulated 
as a polymer of the basic unit (XIX), The second product 
with molecular formula ^22^ 18^5 also formed by the action
of acetic anhydride on the normal as well as iso-compounds
51 ,
was shown to be the acetyl derivative (XX) by Cope and
MacDowell. Another product with molecular formula C44H34°9
was formed by the action of acetic acid on the >primary- 
-condensate. It is believed to result from the self conden­
sation of the acetyl derivative (XX) as shown on the next page.
2C 22H 18°5
33
c ^ h 34o9 + h 20
no structure was proposed for this compound
EtC) CCh Et ,0
(XX) (XXI)
Reactions resembling those just described were given 
by substitution of propionic acid for acetic acid, except 
that the product corresponding to was not isolated.
Propionic anhydride formed the propionyl derivative analogous 
to that given by acetic anhydride.
It was also shown that the normal-condensate when 
refluxed in absolute alcohol containing a few drops of 
sulphuric acid formed the ethoxy derivative (XXI) in the 
iso-series. The ethoxy derivative was also converted into 
its phenylhydrazone and they described the formation of the 
acid (XXII) from (XXI) by the action of a l k a l i ^
They also found (but did not propose structures) 
that the product C^qH ^ C I O ^  obtained by the action of 
hydrogen chloride on the primary-condensate in ethanol forms
a product formulated as ^NOg, when treated with alcohol
ammonia.
In a separate experiment, the action of ammonia on the 
primary-condensate (Xllla) was investigated. Thus, the 
solution of the primary-condensate in ethanolic ammonia in a 
sealed tube was heated to 100° to give a crystalline subs­
tance for which analysis figures could not decide between
the two formula C4oH38N4°5 and C4oH4oN4°5*
The action of alkali was also investigated on several 
products. The iso-compound was found to dissolve readily 
in hot aqueous sodium hydroxide, from which the acid (XXIII) 
was precipitated by hydrochloric acid. The action of
CO H
ch(oc2h5 )co2h
ch2co2h
(XXII) (XXIII)
alcoholic potassium hydroxide on the primary-condensate
(Xllla) is reported to form a substance with molecular
formula ^  apparently had properties different
from those of the product obtained in the reaction of the
primary-condensate with ethanol and a large amount of con-
32
centrated sulphuric acid.
The ultraviolet absorption spectrum of phenanthrene 
in ethanol shows absorption maxima at 220, 245, 251,
35
274, 281, and 293 nm, This characteristic ultraviolet
absorption spectrum with certain modifications due to the 
influence of electron donating and attracting substituents 
persists throughout the derivatives in which the basic 
chromophoric system is the phenanthrene nucleus. As a 
result, it was possible to distinguish the compounds in .the 
iso-series from those of the normal-series of products 
by comparing the electron absorption spectra. The tech­
nique is found distinctly rewarding when taken in conjuction 
with the n,m,r, absorption spectrum of the particular 
product,
A few instances are also known in which reaction:of 
9 ,10-phenanthraquinone with ketonic compounds has been
studied under acidic conditions. Thus, Richards obtained 
from the reaction of 9 510-phenanthraquinone and ethyl aceto­
acetate in acetic anhydride and sulphuric acid two products 
namely, echyl a-aceto-a-acetoxy-a-9(10H)-phenanthrenon- 
-10-ylacetate (XXIV) and the acetyl derivative (XX),
53
0 * COCH
C fCOMe ) CO Et
(XXIV) (XXV)
Reaction of acetophenone with 9, 10-phenanthraq^.none 
in acetic anhydride containing some concentrated sulphuric
acid appears to be more complicated, Japp and Wood for 
instance have obtained a . phenanthro[9, 10-_c]fura n derivative
(XXV), They have also described the reaction of 9,10-phenan­
thraquinone and ethyl benzoate under the similar conditions.
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C H A P T E R  II
DISCUSSION
Chapter XI
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Discussion
Part 1
i
Preparation of ap-unsaturated and saturated (3-ketoesters,
Formation of ethyl 3,3a-dihydro-3a-hydroxy-2-oxo-2H-cycl- 
openta(£)phenanthrene-1-carboxylate (Xllla) and its iso­
mer ethyl 2, 3-dihydro-l-hydroxy-2-oxo-lH-cyclopenta (2-)- 
phenanthrene-l-carboxylate (XlVa),
39
Chapter II Part 1 Discussion
Formation of ethyl 3. 3a-dihydro-3a-hydroxy-2-oxo-lH-
-cyclopenta ( t  )phenanthrene-1-carboxylate (Xllla) and its
isomer ethyl 2 , 3-dihydro-l-hydroxy-2-oxo--lH-cyclopenta ( Z )  -
phenanthrene-1-carboxylate (XlVa).
Condensation between 9,10-phenanthraquinone and ethyl
31acetoacetate was first investigated in 1883. The prim­
ary formed condensate, m,p. 188-190°, was considered the
. ^
ring-open structure (XXVI) on the basis of carbon-hydrogen
analysis and degradation to 9,10-phenanthraquinone by
32oxidation with chromic acid. This work was later repea-
S 0 *51ted ’ and in the light of the evidence obtained from
(XXVI)
CCO,CH
(XXVII)
ultraviolet and infrared absorption spectra of the product
it was reformulated as ethyl 3 ,3a-dihydro-3a-hydroxy-2-
-oxo-lH-cyclopenta(2)phenanthrene-l-carboxylate (Xllla).
However, no mention of the possible alternative product
u
(XXVII) , where the molecule has the other stereochemistry at 
the ol^finic bond, was made.
40
The isomeric compound formed by an oxotropic rearrang­
es
ement of the prinary-comdensate (Xllla) in aqueous sulphuric
acid was designated ethyl 2,3-dihydro-1-hydroxy-2-oxo-lH-
51-cyclopenta(Z)phenanthrene-1-carboxylate (XlVa), 
a-
We reexamined both these products very carefully and 
obtained the infrared, ultraviolet, and n,m.r, absorption 
spectra, together with the mass spectrum of the primary- 
-condensate. From this there appeared no evidence to suggest 
that under the conditions the alternative product (XXVII) 
was also formed. Probably the size of the acetyl and ester 
groups dictates the initial condensation to give 100% of the 
olefin (XXVI) with the geometry in which proxi^mity of the 
active methyl group favours the initial condensation to 
rearrange to the more stable ring-closed form (Xllla).
Cope and his co-workers in their study of the primary- 
-condensate observed three strong absorption bands at 3 350,
1 715, and 1 680 cm They assigned these stretching frequ­
encies respectively to the tertiary alcoholic group,
0C(3-unsaturated ester group, and five membered cyclic ketonic 
51group. It was found in the present work that these absorption 
frequencies are actually 3 446, 1 725, and 1 696 cm ^ respec­
tively. It is interesting to note that the infrared
absorption spectrum further revealed a strong absorption
- 1band (not mentioned by Cope e_t aJL, ) at 1 635 cm" , As it 
is nonexistent for the molecules where the olefinic bond 
is saturated (iso-series) it is assigned to C=C absorption 
in the cyclopentenone residue and thus lends further support 
to the structure (Xllla), Of the absorption bands at 3 270,
kl
-1 511 750, and 1 720 cm reported for the iso-compound
(XlVa), the higher values of 3 393, 1 765, and 1 735 cm”'1' 
respectively were currently observed,
A first-order analysis of the 60 MHz n,m,r. spectra for 
deuteriochloroform (CDCl^) solution of both the primary- 
-condensate (Xllla) and the iso-compound (XlVa) confirmed 
the postulated structures and showed magnetic non-equivalence 
of the cyclic methylene protons in the primary-condensate 
(Xllla) , This and the large shielding (T 7 . ^±1) experienced.
by the OH proton was expected on account of the distortion
- • 56in the rigid molecular structure (Dr.flding model).
It was observed that the methylene protons of the ethyl
ester group in the iso-compound (XlVa) furnished a complex
multiplet centred at T 5 .9 1 . By analogy with similar
observations of other wor k e r s ^  ^  this would appear to have
been caused by restricted rotation about the C-0 bond.
The technique of mass spectrometry.in the present study
was not particularly useful. Firstly because of the complexity
of the molecular, structure (only low resolution mass spectra
were accessible), and secondly because many products
underwent thermal decomposition. As a result its main
t
application was in molecutetr formula determination. Never­
theless, wherever possible fragmentation processes are also 
indicated, However, it must be emphasised that no attempt 
was made to support the postulated fragmentation processes 
by study of labelled compounds (deuterium or carbon-13). 
Consequently in certain cases alternative routes are possible. 
The 70 ©V mass spectrum of the primary-condensate (Xllla)
confirmed the molecular formula as C20^l6°4 ’ ^  many
prominent ions above m/e 19O only four indicated single 
bond sissions, Thus m/e 303 (M - 17), 291 (M - 29), 275 
(M - ^5), and 247 (M - 73), with appropriate m*arise from 
loss of OH, C^H^, and OC^H^, and CO^C^H,. respectively from 
the molecular ion, m/e 320. It is not without interest to 
note that the elimination of CH^pCH^ by McLafferty rearrang- 
ment, which appeared dominant in some other ethyl esters 
(see later), apparently was not important in this product.
The most significant fact seemed to be the k l %  contribution 
(of the base peak) from m/e 274. The transition m/e 320— >-274 
was supported by m*, and to account for the loss of 46 a.m.u. 
from the molecular ion it seems necessary to invoke the 
tautomeric form (XXVIII). The loss of a molecule of ethanol 
may be envisaged to proceed by a McLafferty rearrangement as 
shown in [11],
IJ
[11]
m/e_ 320
(XXVIII)
m/e 277
Both in order to simplify the n.m.r. spectra and 
to obtain compounds where reactions with ammonia and
43
substituted ammonias at the ester group would be facilita­
ted the methyl esters [(XHIb) (XlVb)] corresponding with 
the primary-condensate (Xllla) and the iso-compound (XlVa) 
were also obtained. The n.m.r, spectra for both the methyl 
esters were found consistent with the expected structures.
The action of phenylhydrazine.
The reaction between the iso-compoud (XlVa) and phenyl-
3 2hydrazine was reported by Japp and Klingemann. The formation 
of the monophenylhydrazone was deduced from carbon-hydrogen 
analysis, and the formula ^26^ 22^ 2^3 WaS ass:*-Snec* to the 
product. We repeated this work and formulated the product 
as ethyl 2,3-dihydro-l-hydroxy-2-phenylhydrazono-lH-cyclo- 
penta(I )phenanthrene-l-carboxylate (XXIX) on the basis of
51the n.m.r, spectrum of the product and on the newly assigned 
structure of the iso-compound (XlVa).
Thus, the n.m.r, spectrum for CDCl^ solution confirmed 
the expected hydrazone formation and showed two singlet 
signals at T 5.53 (OH) and 2,67 (NH) both of which disappeared 
on deuteration. The methylene protons of the ethyl ester 
group gave rise to a symmetrical multiplet as had been noticed 
for the iso-compound (XlVa) itself. Further evidence in 
support of the hydrazone came from the infrared absorption 
spectrum which showed NH strech at 3 314 cm”^,
The reason for the lack of success in the preparation
3 2of a pyrazolone by the original authors is now apparent, 
since this would have involved a molecule in which double- 
-bond would be at the bridge-head of the ring fused on the
61cyclopentane residue (cf, Bredt*s Rule ).
In the absence of investigations dealing with the reactions
of other substituted hydrazines, there seemed no apparent
3 2reason why the previously attempted reaction of the primary- 
-condensate (Xllla) with phenylhydrazine should have failed. 
Consequently the reaction was attempted under more vigrous 
conditions (presence of zinc chloride) but without success.
As a result, systematic study of a series of reactions, 
involving both the primary-condensates (XIIIa,b), and the 
iso-compounds (XIVa,b), and including hydriodic acid reduced 
products (XVa,b), with ammonia and substituted ammonias 
was conducted.
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Part 2
Reactions of* saturated (3-ketoesters,
Formation of* ethyl 2 ,3-dihydro-2-oxo-lH-cyclopenta(t )- 
-phenanthrene-1-carboxylate (XVa) and the corresponding 
methyl ester (XVb) , and their reactions with ammonia, 
hydrazine, acetylhydrazine, and ethyl carbazate.
Formation of ethyl 2 ,3-dihydro-2-oxo-lH-cyclopenta - ( Z )- ■
phenanthrene-1-carboxylate (XVa) and the corresponding
methyl ester (XVb),
Reduction of the primary-condensate (Xllla) with hydriodic
acid leads to the ethyl ester (XVa) , ^ ’^2 This and the
corresponding methyl ester (XVb), which was also prepared,.
indicated the presence of the phenanthrene nucleus from the
ultraviolet absorption as expected, and the structure was
further confirmed by the n.m.r, spectra for CDC1_ solution
which showed^presence of no exchangeable protons. In spite
of the fact that both the iso-compound (XlVa) and the hydriodic
acid reduced product (XVa) have similar skeletons, the n.m.r,
spectra showed two important differences. Firstly, the
aromatic protons in the latter product gave rise to two signals
only of relative intensities 1:3 owing to the decrease in
6 2
the van der Waals compression factor between the C(l) and 
C(2) protons [for numbering see (XXX)], Secondly, unlike 
the case with the former compound (where the geminal coupling 
was effectively zero), the coupling between the cyclic 
methylene protons was 22.0 Hz,
R0.0C NNHR
lib
(XXX) (XXXI); R
(XXXII); R = CH3 , R = C02C2H 5
k7
The mass spectrum of the methyl ester (XVb) showed 
a molecular ion of m/e 29O from which the ion m / e *258 
was obtained by loss of methanol. The successive losses 
of carbon monoxide from this formed the base peak ion m/e 
202 as shown in scheme A,
A very unusual feature of the break-down process appeared 
to be loss CO from the molecular ion to give m/e 262 followed 
by the loss of 30 a.m.u. (probably CH^O) to form the ion 
m/e 232 (25%) • The formation of m/e 204 by the subsequent 
decomposition of m/e 232 was established by the presence 
of the appropriate metastable ion.
The scope of this unusual elimination of formaldehyde 
which is preceded and followed by the loss of 28 a.m.u, is 
noteworthy in view of the fact that deliberate thermal 
decomposition of both the methyl (XVb) and the ethyl ester 
(XVa) (see later) led to isolation of the symmetrical ketone 
(XVIII) (M 232) in good yield.
Reaction between ethyl 2 ,3-dihydro-2-oxo-lH-cyclopenta ( 2 )- 
phenanthrene-1-carboxylate (XVa) and acetylhydrazine.
The action of acetylhydrazine on the ethyl ester (XVa) 
was found to give the expected ethyl 2-acetylhydrazono-2 ,3- 
dihydro-lH-cyclopenta(I )phenanthrene-1-carboxylate (XXXI)
The ultimate analysis of samples repeatedly recrystallised 
from ethanol, and dioxan, showed 0 , 7% lower than the required 
amount of carbon for the chemical composition ^22^ 20^ 2^3 ’
The mass spectra confirmed the molecular weight of the major 
component as 360 and showed also the presence of a molecular 
ion m/e 3 0 k ,  Now 3 0 k  happens to be the molecular weight of
k8
Sheme A, Postulated fragmentation of ions from (XVb)
L C ^ O v
H 'CH
m/e 23 2 m/e 262in/e 204
CH C0^ 2CH37/0 H * V fH^CO.OCCHMy
c_o 3 A  iv
’$ A „ _
m/e 204 rn* /  m/e 29O (M) m/e 29O
n .
c=
m/e 29O
H3C . p ^
in/e 231 m/e 258
~ r +
m/e 29O m/e 230
m /e 203 m/e 202 (B)
+ 
o
the starting material (XVa) the presence of which was further 
confirmed from the fact that the n.m.r, spectrum of the 
sample revealed general broading of the signals from the 
aromatic protons together with an extra triplet just visible 
under the triplet signal arising from the ester methyl 
protons of the acetylhydrazone (XXXI),
The mass spectrum also confirmed the postulated structure 
and showed many prominent peaks indicating single bond 
scissions.
The infrared absorption spectrum also showed a very weak 
absorption band at 1 762 cm 1 arising from the starting 
material (XlVa), together with other absorptions supporting the 
above deductions.
The reaction of methyl 2 ,3-dihydro-2-oxo-lH-cyclopenta(I ) -  
phenanthrene-1-carboxylate (XVb) with ethyl carbazate,
When the hydriodic acid reduced product (XVb) was treated 
with ethyl carbazate in acidified solution (methanol) under 
reflux for one hour, a solid product was deposited after 
the reaction mixture had cooled to room temperature.
The chemical composition of the product ^22^20^2^4 vr as  
determined from the carbon-hydrogen analysis and confirmed 
by its mass spectrum which indicated M*, m/e 376,
This product was formulated as methyl 2-ethoxycarbonyl- 
hydrazono-2 ,3-dihydro-1H-eyelopenta ( I ) phenanthrene-l-carbo- 
xylate (XXXII) as follows.
The n.m.r, spectrum of the compound confirmed 22 protons 
to the molecule and as compared to that of the starting 
material it showed the presence of the ethyl ester group
together with a 3owdSeLd signal at T 2,3 which disappeared when 
the solution was shaken with 0^0, This confirmed the presence 
of the ethyl carbazate residue, further evidence for which 
came from the infrared absorption spectrum which showed NH
Interpretation of the mass spectra of the product presents 
diffculties. Metastable ions show that the molecular ion 
m/e can loose both 32 and 46 a.m.u, which could really only
base peak of m/e 215 could be conveniently accounted for if
certain rearrangements are postulated. Unfortunately the 
most likely structures in theory for the fragment ions are 
those which violate Bredt’s rule. Satisfactory solution to 
this might be to obtain the high resolution mass spectrum 
of the product and confirm the chemical composition of the 
fragment ions. However, in view of the adequate evidence 
obtained for the structure from the n,m,r. spectrum of the 
product it did not warrant further investigation for the 
present work.
If the probability of the rearrangements mentioned abovef
is accepted (ef. cyclobutene) then the sequences shown in scheme B 
account for the major ions in the mass spectrum and confirm 
the structure (XXXII),
Reaction between methyl 2.3-dihydro-2-oxo-lH-cYclopenta(I ) -  
phenanthrene-l-carboxylate (XVb) and ammonia.
A suspension of the methyl ester (XVb) in methanol was 
treated with ammonia and the resulting yellowish solution
and C—N stretch at 3 240, 3 150 and 1 695 cm
be methanol and ethanol respectively. The ddffculty is that i f o- '
after tpwenty-four hours was concentrated to yield the product. 
Twice recrystallised from methanol it melted at 256-257° and
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Scheme 13, Postulated fragmentation of ions from (XXXII) .
EL C O , OC
HNC02C2H5
+
? °2C 2H 5
m
m/e 376 (M)
H NNHCO C H 
// 2 2 5
C02CH3
m/ e 330 m/e 317
m/e 3 Li k
m/e 271
m/e 271 m/e 271 m/e 215 (B)
the mass spectrum of the product showed M*, m/e 307, which 
according to the nitrogen rule established the presence of 
an odd number of nitrogen atoms. Combustion analysis gave
v
the emprical formula C H NO which was then also the
J- 7 J- ( J
molecular formula.
The n,m„r, spectrum for CDCl^ solution confirmed seventeen 
protons to the molecule and deuteration showed that only 
two of these were exchanged.
Reaction at the ester group was ruled out by the three 
proton singlet at T 6,22, It also emerged that the infrared 
absorption showed two very strong bands (C=0 strefeh) at 
frequencies, 1 710 and 1 665 c m ~ \  which were lower than 
those for the corresponding absorption in the starting 
material, the latter being consistent with the C=0 stretching 
mode of an amide function.
It was therefore clear that the cyclopentanone ring had 
opened and methyl 10-carbamoylmethyl-9-phenanthrylacetate
(XXXIII) obtained. The formation of the ester-amide could 
be explained as shown in [12].' First ammonia initiates the 
nucleophic attack on the ketonic carbonyl, then the five 
membered ring is opened and proton transfer accomplished 
by the solvent.
The driving force of the reaction is probably the Stability 
of the carbanion which could share the negative charge with 
the ester carbonyl by delocalisation. Furthermore, the 
nucleophilicity of the reacting species also has a bearing 
on the process. This was evident from the fact that the 
substituted hydrazines like acetylhydrazine and ethyl carbazate 
as has been observed reacted by addition-elimination mechanism,
undoubtedly because the initially formed tetrahedral 
zwitterionic intermediate would have greater tendency either 
to undergo reverse reaction or achieve stability by proton 
transfer to yield the carbinolhydrazine and eventual formation 
of the hydrazone.
H oC 0 . OCCH CONH,
f H2C° 2 CH3 
I CH CONH
H oC0.C=CH CONII
CH^CONHNH
(XXXIV); R = C H_
(XXXV); R = CH3
The n.m.r, spectrum was found completely consistent with 
this formulation. The protons on the amide nitrogen appeared 
non-equivalent as would be expected on account of the slow
r
rotation about C—N bond. The ester-hydrazides (XXXIV)
(XXXV), from both the ethyl (XVa) and the methyl ester (XVb)
were also obtained. Assignment of the n.m.r, signals from
the methylene groups is not certain. Although the relative
inductive effects might suggest that methylene protons attached
to an ester group would be deshielded compared with the
methylene protons of amide or hydrazide groups, in practice
the maximum difference in chemical shifts for any one
compound is only 0.1 p.p.m.
Definite proof of the structure of the ester-amide came
from the mass spectrum of the product. By analogy with that
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of the jo-ethoxybenzamide the molecular ion, m/je 307, 
eliminated ammonia to yield the ion m/e 29O which also happened 
to be the molecular ion of the starting material (XVb).
This was followed by the familiar sequences shown in s-cheme A_ 
Analogous elimination of methanol from the molecular 
ion was also observed. Indeed this was the more important 
of the two routes as was made obvious by the more prominent 
ion m/e 273 (14%), and the fact that base peak ion, m/e 203, 
unlike that (m/e 202) of the starting material (XVb) arose 
from, the latter sequence with this compound.
Now the ion m/je 29O might also arise from the starting 
material itself if the sample was contaminated with it.
This possibility was very carefully investigated. As a result, 
there appeared no evidence f ia rn  both the n.m.r, and the infrared 
studies to suggest this. With this confirmation scheme £  
was drawn to explain the fragmentation behaviour of (XXXIII),
Scheme C. Postulated fragmentation of ions from (XXXIII)
h 3co.oc m r r - r
H
^  HV \^i2
H c o ,o c c h V - ^ c o
m/e 307 (M)m/e 290 m/e 275
m/e 258m/e 231 CONH
m/e 230 
m/e 262
m/e 232
m/e 232 m/e 247
m/e 204
CH
+
m/e 203 (B) m/e 203 m/e 202
For the ions shown without molecular structure refer to 
Scheme A,
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Reaction between ethyl 2,3-dihydro-2-oxo~lH-cyclopenta(2)- 
phenanthrene-l-carboxylate ( X V a )  and the corresponding 
methyl ester (X Vb) and hydrazine.
The reaction between the ethyl ester (XVa) and hydrazine 
was found com/pletdLy analogous to that of the action of 
ammonia on the methyl ester (XVb) just described.
The n.m.r, spectrum for solution (CDCl^) showed the 
presence, in addition to one ethyl ester group, of three 
nitrogen protons which all disappeared on deuteration and 
thus confirmed the formation of ethyl 10-carbazoylmethyl- 
-9-phenanthrylacetate (XXXIV).
The mass spectrum of the product confirmed the structure and 
showed many similarties to the spectrum of the ester-amide , 
(XXXIII), Thus, the mechanism which led to the formation 
of the ions m/e 29O and 275 hy elimination of ammonia and 
methanol respectively in the mass spectrum of (XXXIII) was 
also found responsible for the similar expulsion of hydrazine 
and ethanol to give ions m/e 304 and 29O with this product.
The most abundant ion (m/e 203) was the outcome of the 
further fragmentation of the m/e 304, In general, the 
sequences of the fragmentation processes which were found 
more complex as compared with those of the ester-amide 
(XXXIII) are shown in sheme I) for the ester-hydrazide (XXXIV), 
The behaviour of hydrazine towards the methyl ester (XTVb) 
was also investigated and found to proceed in a manner 
similar to the one just described. The structure of methyl 
10-carbazoylmethyl-9-phenanthrylacetate (XXXV) was confirmed 
by the n.m.r, spectroscopic analysis.
Schemo _T). Poslulatod frnjrinontation of ions from (XXXTV) .
Thermal decomposition of ethyl 2, 3-d ihydro-2-oxo»-lH-cvclopenta- 
(I )phenanthrene-1-carboxylate (XVa) and the corresponding 
methyl ester (XVb).
The thermal decompositon of the ethyl ester (XVa) has 
been investigated and the chemical composition of the residue 
was found to be C ^ H ^ O .
It was observed that a product identical with that just 
mentioned was formed when the corresponding methyl ester (XVb) 
was subjected to the process of pyrolysis. This product was 
later identified a^y2,3-dihydro-2-oxo-lH-cyclopenta(£)phenan- 
threne (XVIII) from its melting' point 31,32,51,65 an(j on 
basis of the n.m.r, spectrum. The transformation particularly 
from the latter product is remarkable in that a suitable 
mechanism cannot be postulated without understanding more about 
the chemistry of the decomposition. Of course, simple hydrolysis 
and decarboxylation of the resulting (3-ketoacid would lead 
to the ketone product, but reaction conditions were always 
anhydrous,
As a result an attempt was made to study the vapours
obtained from both the methyl and the ethyl esters o f ’the
hydriodic acid reduced products. Thus, in a suitably designed
experiment, the vapours from the ethyl ester (XVa) were led
through Brady8s reagent and then trapped in a infrared gas
cell. The yellow precipitate obtained by the reaction with
*
Brady*s reagent was separated and after purification it was 
identified as 2,4-dinitrophenylhydrazone of acetaldehyde 
from its melting point and the infrared absorption spectrum.
The infrared absorption spectrum of the unreacted vapours 
showed infrared absorption characteristic of carbon dioxide-
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— 1(’t) 2 360 and 2 276 cm with other characteristic absorp-max,
tions at 3 725, 3 700, 3 522 and 3 500 cm-1).
Now Briese and McElvain found that in the distillation
of ketoesters derived from ethyl pelargonate and ethyl caprate,
small amounts of the corresponding ketones pelargonone and
caprinone, together with ethylene, carbon monoxide and carbon
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dioxide were also formed. This suggested that the decomposition 
of the ethyl ester was taking place by a similar mechanism. 
However, attempts to identify ethylene by Raman spectroscopy 
were not conclusive, neither could the presence of carbon 
monoxide be ascertained by infrared absorption spectroscopy.
Even if these two gases were formed, their detection was 
probably precluded on account of the small amount of material 
and nonaccessibility of a suitable gas cell for the Raman 
spectroscopy.
The most interesting thing about the transformation is 
that a single mechanism cannot account for the formation of 
both carbon dioxide and acetaldehyde from the same molecule.
It appears that in the former case it is either an elimin­
ation or a single step process, involving proton transfer 
from the methyl group to the Ot-carbon via a six membered ring 
as shown in [13]• In the latter case, proton transfer from 
the methylene group of the ethyl ester is proposed.
Now, when the experiment was repeated with the methyl 
ester (XVb) only slight turbidity was observed in the Brady®s 
reagent and the infrared absorption spectrum of the evolved 
vapour confirmed the presence of carbon dioxide.
It is very diffcult to speculate on the thermal elimination 
of carbon dioxide from the methyl ester (XVb), The difficulty
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is, what is the nature of the fragments other than carbon 
dioxide?
H^CHC C
(XVa) CH. CO
(XVIII) 
A
[12]
It is doubtful that the mechanism of decomposition is 
similar to the one proposed for the ethyl ester (XVa), An 
alternative would be transfer of a hydrogen atom from the 
methyl group to the Ot-carbon with a simultaneous formation 
of the product (XXXVI) as shown in [13] ,
The product (XXXVI) is written formally as the internal 
lactone of glycolic acid , Now this has never been reported 
but its presence could be readily detected by a high frequency 
absorption for C—0 stretch in the infrared absorption spectrum 
To eliminate the possibility of the product (XXXVI) or 
its dimer (if at all formed) being trapped in water, the 
experiment was modified and the evolved vapour trapped without 
using Brady®s reagent. The infrared absorption spectrum 
however showed no change.
Attempts were also made to investigate the behaviour of 
the vapour in the mass spectrometer, but the experiments 
were once again fruitless. There seems not enough evidence 
to put forward a suitable explanation for the elimination of
carbon dioxide. It would appear that the problem requires 
much deeper study before a plausible mechanism becomes possible.
0
0
(XVIII) +
C 0
(XXXVI)
(XVb)
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Part 3
Reactions of saturated (3-ketoesters,
Reactions of ethyl 2,3-dihydro-l-hydroxy-2-oxo-lH-cyclo- 
penta(1 )phenanthrene-l-carboxylate (XXVa) and the corres­
ponding methyl ester (XXVb) with ammonia, hydrazine, ace- 
tylhydrazine, and ethyl carbazate,
Reaction o_f the ethyl 2, 3-dihydro- 1-hydroxy-2-oxo- 1H-eyelo- 
penta ( I ) phenanthrene-l-carboxylate (XlVa) with hydrazine.
It was found that equimolecular proportions of the iso- 
-compound (XXVa) and hydrazine in acidified ethanol formed 
a product with molecular formula ^20^ 18^ 2^3 * The mass spectrum 
of the product showed that the molecular weight was 33^»
It was established from the n.m.r. spectrum of the product 
for CDCl^ as well aS dg-DMSO solution that the ethyl ester 
group was still present, furthermore, on deuteration it showed 
that signals from three protons disappeared. Thus, the 
expected ethyl 2-hydrazono-2,3-dihydro-l-hydroxy-lH-cyclo- 
penta ( I )phenanthrene-1-»carboxylate (XXXVII) ,
It was also observed from the n.m.r, spectrum for CDCl^ 
solution of the hydrazone (XXXVII), that there was geminal 
coupling between the cyclic m(eihy^ene group protons which 
disappeared in dg— DMSO solution, "
The infrared absorption spectrum of the product showed 
loss of C—0■stretch of the cyclic ketone group in the 
starting materialyand showed^ a new absorption frequency at 
1 662 cm"'L arising from C=N stretch as expected.
The mass spectrum supported the formation of the hydrazone
4“ iand showed M*, rft/_e 33^. The sample however also- contained 
an impurity of molecular weight 3"20 which could not arise
r
from the starting material because there existed no prominent 
ion m/e 2 k 7 (XlVa - CO . OC^H^.) + , and a prominent ion m/e 302 
with the appropriate fii^ for m/e 320— >-302 indicated loss of H o0,f
This can be accounted for if the ester has also reacted to 
give the hydrazide-hydrazone (XXXVIII). It was later found
that the hydrazide-hydrazone (XXXVIII) ■was formed in good 
yield from both the ethyl ester (XlVa), and the methyl ester 
(XXVb) of the iso-compound and excess of hydrazine under 
suitable conditions.
Reaction of ethyl 2,3-dihydro-1-hydroxy-2-oxo-lH-cyclopenta- 
(I )phenanthrene-l-carboxylate (XlVa) with acetylhydrazine,
Rection between the iso-compound (XlVa) and acetylhydrazine 
yielded the expected ethyl 2-acetylhydrazono-2 ,3-dihydro-l- 
-hydroxy-lH-cyclopenta(1 )phenanthrene-l-carboxylate (XXXIX),
The molecular formula ^22^20^2^4 ■^oun(* from carbon-hydrogen
“I*analysis was confirmed by the mass spectrum which showed M* at 
m/e 376,
NNHR *0C
HO
(XXXVII); R = OC H
HO
(XXXVIII); R = NHNH2 (XXXIX)
The n.m.r.spectrum of the product was found consistent 
with the structure and showed the presence of two exchangeable 
protons as would be expected. The infrared and light absorption 
spectra were also found in complete agreement with the proposed 
acetylhydrazone formation.
The fragmentation behaviour of the product showed a strong 
tendency to lose CO C H by electron impact from the moleculard di ^
Scheme E, Postulated fragmentation of ions from (XXXIX),
EtO-OC
h _ncoch3 
H O *  NN NHCOCH
EtO- OC
„ .NHCOCH,
A  3
L  { N
° A I
EtO-OC'
r  i r^i r  i r^icsiJL .
m/e 35S
H / H C O C H 3
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m/e 376 (M) m/e 376
m/e 303
0” C
NNHCOCH
m/e 302 m/e 317
H V °
•N^O * N
m/e 244 (B) m/e 289 m/e 19a
m/e 216 m/e 165
ion m/e 376 and gave rise to a major peak m/e 303. Further 
cleavage via a six-member transition state afforded the 
base peak ion m/e 244. Loss of C^H^NO from the molecular 
ion and further decomposition of the ion m/e 317 as summarised 
by the sequences in scheme IS to m/£ 244 was also supported 
by m * , It was also noticed that loss of CHjpCH^ from the 
ethyl ester residue does not occur from the molecular ion 
in this or other hydrazones of this series; although the 
appropriate metastable ion for the transition m/e (317— *-289) 
points towards the transformation from the ion m/e 317 by 
McLafferty rearrangement. Further decomposition of the ion 
m/e 289 may lead to m/e 244, however there is no m*for the 
latter process. It must be pointed out that loss of carbon 
monoxide from m/e 317 would also lead to m/e 289, but low 
resolution mass spectrometry cannot decide between the two.
Loss of water from the molecular ion m/e 376 was not 
significant, though a 2% relative abundance of the ion m/e 
358 was supported by m * ,
The base-peak ion of m/e 244 would be expected to collapse 
via a dibenzotropylium route. Indeed the occurrence of 
expected ions in this series very strongly indicated this.
The mass spectrum of the compound (XXXIX) further showed 
high intensity ions m/e 190 and 165 but appropriate m*was 
not visible for transitions m/e 2l6 — >-190 and 190— >-165 
at the sensitivity used. The fragmentation processes of the 
a cetylh ydrazone is indicated in scheme JE,
Reaction between ethyl 2, 3 - d ihy dr o -1 - hydroxy- 2 - oxo - 1H- c y c 1 o-» ■
penta (2 )phenanthrene-l-carboxylate (XTVa) and ethyl carbazate.
The product was obtained by the action of ethyl carbazate
on the iso-compound (XXVa). Relative to that of hydrazine 
and of acetylhydrazine, this reaction took much longer (seven 
hours) to reach completion. The chemical composition of the 
product (^23^ 22^ 2^5  ^ was deduced from carbon-hydrogen analysis 
and was confirmed by the mass spectrum which showed the 
molecular weight as 406, This established the formation of 
the expected hydrazone (XL).
HO
(XL)
NNHC02Et
0
(XLI)
The n.m.r. spectrum of the product confirmed twenty-two 
protons to the molecule and showed the presence of two ethyl 
groups. The presence of the NH and OH protons was also 
confirmed by a deuteration experiment.
The infrared absorption spectrum showed the C=N stretching 
frequency at 1 655 cm”^ as expected and the band at 1 700 
cm ^ was assigned to the C=0 from the ethyl carbazate residue 
by analogy with absorptions of ethyl carbazate itself, which 
showed a broad absorption band centred at 1 710 cm’"1',
The fragmentation pattern (scheme F_) in the mass spectro­
meter for this product strongly supported the hydrazone 
structure and showed many similarties to that of the
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Scheme F, Postulated fragmentation of ions from (XL)
CN
m/e 317
NHCO.Et
EtO «0C
EtO* OC
m/e 3 6 0
N':NCO„Et
m/e 3 8 8
jj^ -N CO *OEt
EtO OC
m/e 2*i*t (B)m/e (tOb (M)
K'NCzONNHCO Et H0
m/e 333 m/e 287 m/e 190 m/e 244
CN CN
m/e 165 m/e 216 m/e 216
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acetylhydrazone (XXXIX). The base peak in the former 
compound like that of the latter product was located at m/e 
244, The OC-scission around the C— N bond noted for (XXXIX)
(a characteris tic feature in ketone semicarbazones) was also 
recognised in the mass spectrum. Thus, the m/e 287 ion had 
an abundance of 4l% relative to the base peak ion. It was 
further observed that the abundance of the m/e 388 ion was 
half that of the corresponding ion from (XXXIX), However 
it is interesting that in both these products a first mass 
loss of 18 a.m.u. was supported by large metastable ion peaks. 
Expulsion of ethylene by McLafferty rearrangement analogous 
to the behaviour of (XXXIX) was not observed for this product. 
The decomposition of base ion was closely analogous to that 
from (XXXIX), with the m/e 216, 190, and 165 peaks having 
greater intensities in the former case.
Attempted reaction between ethyl 2, 3-dihydro-1-hydroxy-2--oxo- 
•* 1H-eyelopenta(I )phenanthrene-l-carboxylate (XlVa) and urea. 
The reaction of urea and thiourea with (3-ketoesters in 
the presence of sodium ethoxide is employed in the syntheses 
of six-membered hetrocyclic ring systems. The next reaction 
to be considered in this series was the attempted reaction
between the iso-compound (XlVa) and urea. This experiment
\
gave a nitrogen-free product, m,p, 221 , The mass spectrum
was consistent with a molecular formula ^20^ 16^4 ’ an<i this
in conduction with the.n.m.r, spectrum (the molecule contains
no exchangeable protons) suggested formulation as ethyl 3,4-
-dihydro-3-oxo-lH-phenanthro [9 ,10-c] pyran-l-carboxylate (XLI)
51This lactone is a known compound with a reported m.p.
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Scheme 0, Postulated fragmentation of ions from (XLI),
c > r"CH0 
I K H  2
° ^ CH2
r  ii
r \ | ^0
m/e 320 (M) m/e 292
+
C=0
m/e 275 m/e 2^7
m/e 191 (B) m/e 219
of 237.7-238,9°* A sample was prepared^ yfrom the iso-compound 
(XVIa) by hydrolysis with sodium hydroxide to give the free
. CL ' ’
acid which was esterified by the Fischer-Spei^r method,. The 
sample, m.p, 236-237° gave an n.m.r, spectrum identical 
with that from the product above of m.p, 221°; the infrared 
absorption spectra were also identical. The lower m*p. was 
ascribed to minor impurties which were not removed in puri­
fication of the very small quantity (0,1 g) involved, The 
nature of the impurties could not be established, The mass 
spectrum (scheme G.) was found clean above m/e 320 and inspection 
of the lower region indicated nothing unusual.
Since urea apparently took no part in the reaction, the
formation of the lactone by this method parallels the deliberate 
51preparation from the iso-compound (XXV~a) and since the 
ethyl ester group remains intact it is, clear that under the 
conditions (sodium ethoxide, water, then acid), the iso- 
-Compound (XlVa) underwent preferential hydrolysis at the 
five membered ring.
An attempted reaction between thiourea and the iso- 
-compound (XlVa) by a procedure similar to that used for 
the preparation of 3-methyluracil from ethyl acetoacetate 
and thiourea was not successful.
Reaction between methyl 2 ,3-dihydro-1-hydroxy-2-oxo-1H-
-cyclopenta(1 )phenanthrene-l-carboxylate (XXVb) and ammonia.
A product, m.p, 252-255°, was obtained by the action of
ammonia on the methyl ester (XlVb) of the iso-compound.
+ /The mass spectrum of the product showed M* at m /e , 291, the
Ia
elemental composition ('i3^ 23^^3 ^or W 1^:*-C 1^ was calcut^Jd from 
the isotope measurement.
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Three structures (XLII) (XLIII) (XLIV) were considered 
Tor this product on the basis of the infrared absorption 
spectrum. Structure (XLII) was ruled out because the
CONH
HO
(XLII)
OH
(XLIII)
ultraviolet absorption spectrum did not show the presence 
of the phenanthrene nucleus. The structure (XLIII) was also 
unsuitable on the basis of the n.m.r. spectrum which indicated 
an AMX pattern from the cyclic protons. The structure (XLV) 
appeared to be the only formulation to merit further investi­
gations. It was concluded from decoupling experiments that 
the proton giving rise to the doublet signal at T 4,09 ( J ^
7,0 Hz) was directly coupled to a m et h i ne proton, the
Hpresence of which was shown by the double doulet at T 5.33.
It was further observed that former signal arose from the 
OH proton, because on deuteration this proton exchanged and 
T 5.33 signal collapsed into a doublet. This implied that 
one of the methine protons and the OH group were attached 
to the Same carbon atom. The second methine proton must then 
by necessity be bonded to the carbon atom OC- to this.
Albeit structure (XLIV) fulfilled these requirements and
further support in its f a v o u r  was obtained from the mass 
spectrometric analysis (scheme H ) , the mechanism of its 
formation is not at all easy to postulate. It appears that 
the initial reaction of the cycl ic carbonyl group with 
ammonia is followed by ring scission, De-esterification and 
ring closure together with the migration of the double bond 
then lead to the formation of (XLIV), x
CH
CO (  o— CHHOH_C0*0C
NH
(XlVb)
HO
CONH
HO
H : OCH
CONH
(XLIV) (XLIVb)
As shown above the final step would appear to be the 
reverse of the isomerisation of the primary-condensate (Xllla),
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Scheme H, Postulated fragmentation of ions from (XLIV).
CONH 0 H N —-H 
C '
H OH
m/e 273 m/e 230 (B)m/e 291 (M)
CONH
HN.O
m/e 274 m/e 274 m/e 202
m/e 231
C0NH2 //
m/e 274 m/e 274
m/e 231
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(cf # ref. 51) with breaking of the 9,10-conjugation in the 
phenanthrene residue. There seems to be no apparent reason 
for this anomalous behaviour, particularly when the skeleton 
(XLXVb) is fairly stable in other reactions.
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Part 4
t
Reactions of oc(3--unsaturated p-ketoesters,
Reactions of ethyl 3, 3a-dihydro-3a‘-hydroxy-2-oxo-lH- 
-cyclopenta( Z )phenanthrene-l-carboxylate (XHIa) and 
the corresponding methyl ester (XHIb) with ammonia, 
hydrazine, acetylhydrazine, ethyl carbazate, and 
hydrogen chloride.
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Reaction between ethyl 3 < 3a-dihydro-3a-.hydroxv-2-oxo-lH-
-eyelopenta(I ) phenanthrene-l-carboxylate (Xllla) with
hydrogen chloride,
Reaction between the primary-condensate (Xllla) and
hydrogen chloride has been investigated and the product
formulated as C^qH^CIO^ on the basis of the carbon-hydrogen 
3 2analysis. This investigation was continued and the product
described, m.p, l40-l4l° (cf, ref, 32) was obtained. On 
the basis of the ultraviolet, infrared, and n,m,r, data, 
this chloro derivative, was identified as ethyl 1-chloro- 
-2,3-dihydro-2-oxo-lH-cyclopenta { I )phenanthrene-l-carboxylate 
(XLV),
The mechanism of it's formation from the primary-condensate
68is analogous to anionotropic rearrangement [cf\ oxotropic 
rearrangement of the primary-condensate (Xllla) to the iso­
compound (XTVa) ref, 51]. The driving force for which 
presumably is the formation of a phenanthrene nucleus as shown 
in [1.4] , The function of the hydrogen ion catalyst is to
EtO OC'
-  h 2o
Cl
EtO OC
[14]
(Xllla) (XLV)
weaken the existing carbon-oxygen bond, permitting the
separation of water rather than of a charged hydroxyl ion.
Generally, in the rate determining step, the positive charge
undergoes a continuous transfer from the departing oxygen
atom via the 0Cf3-unsaturation to the entering chlorine atom,
while a continous electron displacement takes place simulta-
nously in the opposite direction. Both the formation of the
oxonium ion and the fission of the carbon-oxygen bond are
facilitated by electron accession at the reaction centre,
and by anionotropic mobility would be expected to increase
in the presence of the electron donating substituents on the C (1)
atom. There is no doubt that in this and other reactions
involving rearrangement of the primary-condensate conjugating
properties of the phenanthryl residue and stability of the
rearranged product by virtue of the more stable phenanthrene
nucleus has a bearing on the rearrangement process.
It follows that the reactions of the primary-condensate
under suitable acid conditions include simultaneous
rearrangement and the products in the iso-series would be
formed* Indeed the following two reactions of the primary-
condensate (XHIb) with acetylhydrazine and ethyl carbazate
demonstrate this.
The chloro compound (XLV) was obtained with the aim of
investigating its reaction with ammonia (see p. 33) . The
3 2
attemp ted preparation of /^j.0^31^6 allowing a solution 
of (XLV) in ethanolic ammonia to stand at room temperature 
for several weeks, resulted in an intractable dark gummy-niass 
after the solution was concentrated (room temperature),
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Reaction between methyl 3,3a-dihydro-3a-hydroxy-2-oxo-lH-
-cyclopenta (I )phenanthrene-l-carboxylate (XHIb) and ethyl
carbazate or acetylhydrazine.
This reaction was conducted in an acidified solution of
methanol. Using ethyl carbazate the product, m.p, 218-219°,
was shown to have the chemical composition C H N 0 on the
23 22 2 5
basis of its ultimate analysis and the mass spectrum. Thus 
the reaction had occurred according to the following equation,
C20H 1604 + NH2-N^-C02C2H 5 + CH30H = C23H 22N 2°5 + 2H 2°
The ultraviolet absorption spectrum showed that the
rearrangment had taken place and the reaction product, unlike
the starting material (XHIb) now incorporated a phenanthrene
residue.
The n,m,r. spectrum for CDCl^ solution also confirmed 
the presence of a phenanthrene nucleus and showed the existence 
of only one exchangeable proton in the molecule. Furthermore, 
two singlet signals at T 6 ,8l and 6 ,35 suggested the presence 
of two methyl groups. Having assigned the latter signal to 
the ester methyl group by analogy with the methyl ester (XlVb) 
of the iso-compound where the chemical shift was T 6 ,30, it 
was deduced that the former signal must arise from a methanol 
residue. This led to assignment of structure (XLVI) as methyl 
2- ethoxycarbonylhydrazono-2,3-dihydro-1-methoxy-lH-eyelo- 
penta ( I ) phenanthrene-l-carboxylate,
The positive evidence for this structure in general and 
methoxy group in particular came from the mass spectrum of 
the product. As shown in the scheme JC, the presence of the 
ions of m/e 3^2 and the appropriate metastable ions, indicated 
the sucessive loss of 32 a,m,u. twice, from the? molecular. ion
Scheme I, Postulated fragmentation of ions from (XLVI)
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m/e 406. The loss of* the first involved the methyl ether 
group in a McLafferty type rearrangment. The loss of the
H.COOC NNHCOCH
H_CO
(XLVII)
COOC N N H C O T  H
H_ CO
(XLVI)
second is not easy to postulate, however if the structure for 
the ion m/e 342 as shown in scheme _I is accepted then the ions 
indicated correspond with those found in the actual spectrum.
A further reaction to be studied in this series was that 
between (Xlllb) and acetylhydrazine, The methyl ester (Xlllb) 
reacted as for ethyl carbazate. The product methyl 2-acetyl- 
hydrazono-2,3-dihydro-l~methoxy-2-oxo-lH-cyclopenta ( I ) phenan­
threne-l-carboxylate (XLVII) had consistent n.m.r., infrared 
absorption, and mass spectra.
The mechanism of formation of the chloro-compound (XLV) 
also accounts for the formation of both the ethylcarbazete 
(XLVI) and the acetylhydrazine derivative (XLVII), It is of 
interest to note that the size of the solvent molecule also 
has a bearing on the reaction. This was shown by the fact 
that the ethoxy derivative corresponding with (XLVI) was not 
obtained in the reaction between ethylcarbazate and (Xlllb) 
in the presence of ethanol.
Reaction between methyl 3 , 3a-dihydro-3a-hydroxy-2-oxo-lH-
cyclopenta (I ) phe nan t hr ene-»l-car boxy late (Xlllb) and ammonia .
Reaction between the primary-condensate (Xllla) and
ammonia under sealed-tube conditions has been investigated,
A product, m fp, 168° (decomp,) was obtained and its approximate
32chemical composition 40^4^5 was reported. In order
to simplify the n.m.r. spectra and to avoid sealed-tube 
experiments, the methyl ester (Xlllb) of the primary-condensate 
was considered more suitable for this investigation, A 
product was obtained after saturating a methanolic solution 
of (Xlllb) with ammonia and allowing the mixture to stand over
136 days. Considerable difficulty was experiencied in investi­
gating this product on account of its very low solubility in 
low boiling organic solvents and the fact that it decomposed 
(~ 200°) without melting.
Ultimate analysis of the sample boiled in ethanol gave 
good analysis figures for the chemical composition C 18H 17N 3°2 ’ 
This was confirmed by the mass spectrum (obtained after some 
difficulty) which showed the molecular ion m/e 307»
It was possible to obtain n.m.r, spectra for dg-DMSO
solution only. These spectra were initially difficult to 
interpret because (a) signals from amide protons were so 
broad as to appear nonexistent, and (b) strong signals (at T 
7*43 and 6 ,8) from partially deuterated solvent and from 
deuterium hydroxide rendered integration meaningless in their 
vicinity,
However, this product was identified as 9~amino-9“Carba- 
moylmethyl-10(9H)-phenanthryleneacetamide (XLVIII) as follows, 
Ultraviolet absorption showed the absence of a substituted
phenanthrene, infrared absorption showed saturated amide 
— 1(l 670 cm , C=0) , together with 0C(3-unsaturated amide (1 648 
and 1 635 cm ^) .
In n.m.r. spectra signals from 15 protons only were 
observed, including a singlet at T 4.44 assigned to the olefinic 
proton, an AB quartet from the methylene group, a singlet at 
T 8 .11, and a broad signal from one amide group coincident with 
that from the aromatic protons. Exchange with deuterium oxide 
was not possible because addition of the reagent to the solution 
precipitated the material. Solid recovered from d^-DMSO .solution 
by low temperature evaporation had infrared absorption identical 
with that of the starting sample, thus indicating that dissolu­
tion in the solvent did not proceed with simultaneous dehydra­
tion.
Because of partial decomposition of the compound at 
elevated temperatures, the mass spectrum below the molecular ion 
peak was not particularly helpful, although fragments from 
expected decomposition were evident, e.g. from (M - NH0 )• as 
shown in scheme 0[.
, In the absence of higher resolution mass spectra the 
fragmentation pattern indicated in the scheme J is considered 
good supporting evidence in favour of the structure (XLVIII), 
Further proof for which is found in the chemistry of the 
compound . The deliberate elimination of ammonia by heating 
in a vacuum was tried, but although ammonia was evolved (infra­
red absorption) the residue was intractable.
Formation of the acetamide (XLVIII) appears to involve 
[15] addition of ammonia to the double-bond activated by both 
-CO^CH^and C=0, a Michael type addition as found with hydrazine
Scheme Postulated fragmentation of ions from (XLVIII).
' CONH„ H„NOCH„C CONH„ H„N0CHoC CONH h2noch2c h conh2
m/e 291m/e 233 m/e 307 m/e 307
CONH2
HCONH
HPNV  I H N
2 CHC0NHo 2
+ 42
m/e 257 n/ /  m/e 307 (M) 
CONH
m/e 307
2
CHCONH
CONH
CHCONH,,
m/e 272 m/e 291 m/e 2 9 1 m/e 291
H—fT C0NH2CONH
H:C:0
m/e 274 m/e 274m/e 289 m/e 2 3 0
CONH
CONH H _ ^  C0NH2 h^conh2
CHCONH HCONH
m/e 2 9O
CONH,
m/e 2 9O m/e 2 9 0 rn /e  290
  CONH,
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(see later), This is followed by the addition of the second 
molecule and ring scission. The driving force of the reaction 
is probably the stability of the carbonium ion owing to the
effective charge sharing by the ester and the keto groups
+
and the proximity of -NH^ for the proton transfer during the 
transition state as shown in [15].
h 3c o
OCHL P
H_ CO
H N
+ NH
(Xlllb)
- % > r/0CH3 Q H qC0 ^
CH H CO/OC— H 2
H N I ^ H N \ H  NI CH CONHn 1 '
+ NH
+ NH
CONH,
CH f NH3
H2N^ |  r  * "^ 1 VCHCONH2
/CONH 
H 2N^ ^ 2
+
NH,
- OH
[15]
CHCONH,
(XLVIII)
Action of aqueous sulphuric acid on 9-amino-9-carba-r 
moylmethyl-10(9H)-phenanthryleneacetamide (XLVIII),
A very simple test to determine ■whether or not the amino 
group was present would be to check if the compound was acid 
soluble. Now, when the compound (XLVIII) was placed in warm 
aqueous sulphuric acid (5%) it rapidly dissolved and the
(i*
pale-green solution immediately deposited a greenish-yellow 
solid. It was found from the carbon-hydrogen analysis that 
this had the chemical composition c i8 HX3NV
Since the compound decomposed on heating, it was difficult 
to obtain consistent mass spectra, but the molecular weight 
was confirmed as 291. A minor impurity of molecular weight 
306 was evident, which could not be removed on crystallisation 
and which could not be accounted for by consideration of 
possible reaction of the acetamide (XLVIII), but which evidently 
arose from the precursor of the acetamide namely the methyl 
ester (Xlllb) of the primary-condensate (or i t s  acid isomer- 
ised product),
In the mass spectrometer, the fragmentations m/e 291— >-274 
and 274— *-246 were both supported by the presence of the 
appropriate metastable ions, and although this behaviour is 
charactersitic of a c^rboxylic acid (loss of OH followed by 
loss of CO), the compound was neither soluble in sodium 
hydrogen carbonate solution nor did it give an ester with 
diazomethane,
The close reSemblence of the n,m,r, spectrum to that of 
the methyl ester (Xlllb) of the primary-condensate, and the 
infrared absorption at 1 630 cm ^ [cf, 1 627 cm”"'*' for C=C in 
(Xlllb)] led to formulation of this product as 3 * 3 ® thy^ro-
-3a-hydroxy-2-oxo-2H-cyclopenta ( I ) phenanthrene-l-carboxamide 
(XLIX),
The n.m.r. spectrum Tor CDCl^ solution showed the presence 
of three exchangeable protons as expected, with the amido 
proton resonances separate and 1.7 p.p.m. apart. This suggested 
intramolecular hydrogen bonding between NH and the cyclic 
ketone which was further cpnfirmed by slow exchange (two weeks) 
with of the proton giving rise to the lower field signal.
For dg-DMSO solution there was a two-proton singlet signal 
from the amide group.
The mechanism of its formation is shown in [l6] . As in 
the reaction between ammonia and (XXVb), migration of the 
double bond in the final step of the reaction has no apparent 
explanation.
Action of acetic aphydride on 9-amino-9-carbamovlmethyl-10- 
(9H)-phenanthryleneacetamide (XLVIII),
The chemistry of the amino group in the acetamide (XLVIII) 
was investigated with the action of acetic anhydride. A 
product was obtained, the ultimate analysis for which was 
found in very good agreement with the chemical composition
i
^20^ 16^ 2^3 * The mass spectrum confirmed a molecular weight 
of 332 and the n.m.r, spectrum for dg-DMSO showed the presence 
16 protons, probably three of which disappeared on deuteration. 
Unfortunately the small amount available precluded further 
investigation, but it is surprising that the reagent has not 
effected simple acetylation, and although the product contains 
an aceto-group it now only contains two nitrogen atoms; further 
investigation is clearly required.
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Mechanism of formation proposed for (XLIX)
CHCONH, CHCONH,
CH CONH
+ H
(XLVIII)
CONH_ 0
NH0 +
2 - H
CH^Ct— T
- NH
CONH
[16]
CONH 2 0 CONH 0
NH— H v 
/
GO 0
(XLIX)
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Reaction between ethyl 3 , 3a-dihydro-3a-hydroxy-2-oxo-lH-cy- 
clopenta(I )phenanthrene-1-carboxylate (Xllla) and hydrazine.
The reaction between the primary-condensate (Xllla) and 
hydrazine hydrate (100%) was found to yield a compound, m,p, 
214-215°, Ultimate analysis gave the formula ^20^20^2^4 anC* 
it was found that the product could be crystallised from 
acetone without change. It was formulated as 1,2,3 , ^ ,^a,12b- 
-hexahydro-12b-acetic acid ethyl ester-4a-hydroxy-3-oxo-l,2- 
-diazatriphenylene (L) on the basis of the evidence disscussed 
below,
The n.m.r, spectrum for CDCl^ solution showed the presence 
of two methylene groups attached to tertiary carbon atoms.
The signals from the newly created methylene group (T 7. ©3, 
7.66, _J 13.0 Hz ) [cf. the starting material (Xllla)] showed 
slightly lower T values than estimated for a methylene group 
OC- to an ester function on account of the close proximity to 
the deshielding zone of the aromatic nucleus. Further, when 
the ester group is attached directly to the cyclic carbon 
atom, the chemical shifts for the methylene, and methyl proton 
signals were all approximately the same from compound to 
compound. For (L) both these values were appreciably higher, 
as would be expected when any deshielding effect is removed 
by putting substituents further from the effects of ring 
current, It was also found that the aromatic protons showed 
an absorption pattern very much like that obtained from
9.10-dihydrophenanthrene. This observation was strongly 
supported by the light absorption spectrum which was not like 
that expected from a phenanthrene or from something like a
9 .10-phenanthraquinone.
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Hydrogen bonding between the amino proton and oxygen 
of the ester carbonyl was evident from slow exchange of this 
proton (two weeks) with deuterium and the fact that its 
chemical shift value (T 4,68) suffered very little change 
(T 4,6l) in dg-DMSO solution, A small coupling, of 1,8 Hz, 
was observed between protons of the exocyclic methylene group 
and the chelated hydrogen. This long range coupling disappeared 
on deuteration and was nonexistent in the acetyl derivative 
(LI) (also obtained for this purpose and to confirm the chemical 
shift value for the OH proton).
The mechanism of formation of (L) is shown in [17], the 
initial reaction of which is a Michael type addition of 
hydrazine across the olefinic bond. This is followed by an 
intramolecular reaction at the keto group. Ring opening of 
the five-membered ring is the next step with the formation 
of the cyclic hydrazide (L),
69There exists in the literature an early report of 
reaction between hydrazine and the condensation product of 
ethyl acetoacetate and a 9 j10-phenanthraquinone (retenequinone, 
7-isopropyl-l-methyl-9,10-phenanthraquinone). The structure 
of the condensation product is not clear from the information 
given , it could be analogue of either compound (XXIIa) or 
compound (XXV),
Three products are described from reaction with hydrazine 
under various conditions: one could be an addition compound 
[? an analogue of compound (L)],. but the others are formed 
with elimiiaation of one and two molecules of water respectively. 
Formation of a hydrazone or a diazine seems likely only if 
the starting material is an analogue of compound (XXVI) (i,.©,.
Mechanism of formatxon proposed for (.f) ,
(L)
[17]
y ^
an open-chain form corresponding with the primary-condensate 
of the present work), so that this seems somewhat anomalous 
and would merit further investigation. Unfortunately, retene 
is an expensive starting material.
Action of heat on the diazatriphenylene (L),
It was observed that under the microscope a solid 
crystalline product of new crystalline form was formed from 
the diazine (L) after it had melted ( Kofler block), The 
second product, m.p, 310-312°, was formulated as 2 ,3-dihydro- 
-3-oxo-l,2-diazatriphenylene (LII) (a dibenzocinnolone) on 
the basis of the chemical composition, ^16^ 10^ 2^ ’ and the 
fact that the n.m.r, spectrum for both CDCl^ and dg-DMSO 
solutions showed two singlets (together with signals from 
8 aromatic protons), of which the one at the lower field 
disappeared on deuteration.
The mechanism of decomposition is envisaged as straight- 
-forward 1 ,2-elimination of both ethyl acetate and water as 
shown in [18],
CH
0<?°5t NH . 
\ ^N'''
HCH /r\
OCEtO-OC NH
HCH.
OH
(LI)(L)
In controlled experiments, evolution of* ethyl acetate was
confirmed by mass spectrometric and infrared absorption 
techniques; the presence of water was not established directly, 
however, fogging of the sodium chloride windows in the infra­
red gas cell was observed.
Similar decomposition to give (LII) was also observed 
in the case of the acetyl derivative (LI),
Attempted synthesis of the dibenzocinnolone (LII) proved 
a very disappointing experience. Attempts employing reaction 
(a) between 0C-aceto-0C-acetoxy-a-9 (10H)-phenanthrenon-10- 
-ylacetate (XXIV) and hydrazine, and (b) between 9 i 10-phenan­
thraquinone and acetylhydrazine, were both unsuccessful.
From reaction (a) there was isolated 9-hydrogenazophenan-
o 70threne (LIII), m.p. 135 (decomp,). This is a known compound
the n.m.r, spectrum of which was found completely consistent
with the previous formulation (as a 9-phenanthrol)» N.m.r.
investigation of the precursor (XXIV) showed it to
exist in solution as the 9 (1QH.) -phenenanthrenone, and not
in the tautomeric 9-phenanthrol f®,/m, so that failure of the
hydrazine to give a hydrazone at the 9-position is very
puzzling.
R
P,(C 02C2H5 )2
(LIII); R = H 
(LIV) ; R = COCHj
(LV)
9k
From reaction (b) between 9,10-phenanthraquinone and acetyl­
hydrazine, was obtained a crystalline product the carbon- 
-hydrogen analysis for which showed the chemical composition 
^16^ 12^ 2^2 ’ This product was formulated as 9-acetylazo-10- 
-hydroxyphenanthrene (LIV) on the basis of i t s  n,m,r, spectrum 
and the ultraviolet absorption. It was found that the hydroxy 
proton was very strongly chelated and the very low field signal 
at T -4.18 arising from this proton disappeared after the 
CDC1 solution had stood in contact with D O  for three weeks. 
This chelation was also evident from the infrared absorption 
spectrum which indicated a weak absorption band at 3 118 cm
The reason for the failure of the expected ring-closufe 
is now clear. Elimination of water involving phenolic OH is 
not a preferred process, and the strong hydrogen bonding 
results in a rigid configuration and consequent unsuitable 
location of the methyl group. Indeed dehydration failed to 
occur in boiling acetic anhydride or polyphosphoric acid.
Reaction between diethyl 9ilO-dihydro-9-oxo-lO-phenan-
thrylenemalonate (LV) and hydrazine was also considered.
Condensation between 9,10-phenanthraquinone with diethyl
53malonate has been reported, but only in the presence of 
acetic anhydride-sulphuric acid, and this does not lead 
to the desired product (LV), An attempt was made to conduct 
the reaction in the presence of piperidine but this was not 
successful.
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CONCLUSION,
i
In the reaction of* the primary-condensates (XIII) , 06(3- 
unsaturated (3-ketoesters, certain general trends were observed. 
It appears that the acid catalysed reactions where the existing 
carbon skeleton was retained were almost always accompanied 
by rearrangement and products were formed in the iso-series, 
(saturated (3-ketoesters) ,
The saturated (3-ketoesters (XIV) where C(l) carries an 
OH group behaved as expected, reaction occurring first at the
l
keto group and in some instances subsequently at the ester 
group also,
When the C(l) OH group was replaced by H [the saturated 
(3-ketoester (XV)] reaction occurred with opening of the keto- 
-ring, probably because the resulting carbanion was relatively 
stable.
Reactions of the primary-condensates (XIII) occurred in 
the absence of acid catalyst where the carbon skeleton was 
not retained. After a Michael type addition to the olefinic 
bond, subsequent ring-opening at the keto-group occurred.
When the reagent was hydrazine the final product was a diaza- 
triphenylene (L), the facile conversion of which into a 
dibenzooinnlone suggests the use of this reaction a s  a new 
route for the synthesis of dibenzocinnolones from readily 
available starting materials.
C H A  P T E R III 
EXPERIMENTAL
General,
Unless otherwise stated infrared absorption spectra 
were measured with a Perkin-Elmer 157G instrument for 
Nujol mulls; n.m.r, spectra were recorded for solutions 
in deuteriochloroform, with a Bruker TO-90 MHz (pulsed Fourier 
transform) n.m.r. spectrometer; d^-DMSO refers to hexadeute- 
rio-dimethyl sulphoxide; ultraviolet absorption spectra 
(solvent 96% ethanol) were measured with a Unicam SP800 or 
SP8000 spectrometer; the mass spectra were obtained using 
an Associated Electrical Industries MS 12 spectrometer using 
a direct inlet system; the beam energy was 70 eV and only 
significant ions are reported. Melting points were deter­
mined with a Kofler hot-stage apparatus and are uncorrected,
Acetylhydrazine had m.p. 66-67°; I (dg-DMSO) 8,30 (s, CH^),
5.84 (s, NH ) , and 1.05br (s, NH) ; *v> 3 440sh, 3 260s br,cL m ax,
_ ^
3 043s , and 1 650s br cm ; the unrecrystallised material 
did not require further purification. 9,10-Phenanthraquinone 
(m.p, 208,5-210°) was prepared by the oxidation of commercially 
available phenanthrene and it was found necessary to remove the 
last traces of anthraquinone by treating with sodium hydrogen 
sulphite. Ethyl acetoacetate, methyl acetoacetate, and ethyl 
carbazate were analytical reagent grade chemicals.
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Ethyl 3,3a-dihydro-3a-hvdroxy-2-oxo-2H-cyclopenta- 
( / ) phenanthrene-l-carboxvlate (XT-Ha), and the methyl 
ester ( Xlllb) ,
5 1The ethyl ester (Xllla) was obtained by the procedure 
described by Cope at a l , It had m.p, 188-190° [Found.:
M f , 320; M:(M+l):(M+2) = 100:22.0:3,1. Calc, for c20H i6°4 
M, 320; M: (M+l) :(M+2) . = 100:22,0:3.1]; T (60 MHz) 8.71 (t,
J 7,0 Hz, CH3 ), 7 . 4l (s , OH), 6,87 (d, J 18,0 Hz, CHH.CO),
6.76 (d, J 18,0 Hz, CHH.CO), 5.66 (q, J 7.0 Hz, 0.CH ), 2.5
(m, 4H), and 2,2 (m, 4H) ; -^m 257 (log E 4,46), 264 (4,56),
and 300 nm (4,03) ; ; ^ m a x 3 446s, 1 725vs, 1 696VS (lit,'*'1"
3 350, 1 715 and 1 68O cm  ^ respectively), and 1 635 cm"'*'; 
m/e 320 (M, 52°/o), 303 (22), 292 (8 ), 291 (19), 275 (23),
274 (41), 247 (23), 231 (47), 230 (55), and 202 (B) with 
m* 286,9 (320— ^303), 249.6 (303— 275), 234,6 (320-—  274), 
221,8 (275-— 247), and 194.0 (275“^231).
Methyl 3 , 3a-dihydroT-3a-hydroxv-2-oxo-2H-cyclopenta (2 ) - 
phenanthrene-l-carboxylate (Xlllb) was prepared similarly 
except that methyl acetoacetate (65 ml) was condensed with
9,10-phenanthraquinone (60 g) to give the product (83 g), 
m.p, 202-204° (Found: C, 74.6; H, 4.5. ^19^ 14^4 requires 
C, 74.5; H, 4.6°/0; T 7,4 (s, OH), 6,84 (d, J_ 18.0 Hz, CHH.CO),
6.76 (d, J 18,0 Hz, CHH.CO), 6,13 (s, CH3 ), 2,5 (m, 4H),
2.3 (m, H), and 2,1 (m, 3H) ; also (dg-DMSO) 7.0 (d, J_ 18.0
Hz, CHH.CO), 6.62 (d, _J 18,0 Hz, CHH.CO), 6,17 (s , CH^) ,
3.69 (s, OH), 2.5 (m, 6H), and 1.9 (m, 2H); X 257m a x ,
(log £ 4,56), 264 (4,65), and 3OC nm (4,02) ; 3 444vsvj ' 7 7 tnav
Ethyl 2,3-dihydro-1-hydroxy-2-oxo-1H-eyelopenta- 
(I )phenanthrene-l-carboxylate (XlVa), and the methyl 
ester (XlVb),
/ x 51This (XlVa) was obtained from compound (Xllla) by
the action of aqueous sulphuric acid. It had m.p, 175-
-177°; T (60 MHz) 9.0 (t, J 7.0 Hz, CH ) , 6.05 (s, CHg.CO.),
5.91 (m, J 7.0 Hz, 0CH2 ), 5.48 (s, OH), 2.3 (m, 4H), 1.9
(m, 2H) , and 1,3 (m, 2H) , after shaking the solution with D O
the OH signal disappeared; ^max E ^*74), 289 (4.04),
and 301 nm (4,03); 1?  3 393Dr s, J 765s, and 1 735 cm"1max *
(cf , ref , 51)
Methyl 2,3-dihydro-1-hydroxy-2-oxo-lH-cyclopenta-
( l  ) phenanthrene- 1-carboxyl.ate (XlVb) was prepared similarly
from (Xlllb). It had m.p, 178-179° (Found: C, 74.4; H, 4,5.
C19H l4°4 requires C, 74,5; H, 4.6%); T 6.30 (s, OCH^), 5.92
(s, CH^), 5.55 (s, OH), 2,2 (m, 5H), 1,9 (m, H ) , and 1,2
(m, 2H), after shaking the solution with D O  the OH singal
disappeared; also (dg-DMSO) 6,44 (s, CH^), 5,68 (s, CHg),
2.80 (s, OH), 2.2 (m, 4H), 2.1 (m, H), 1.8 (m, H ) , and 1.1
(m, 2H ) ; \  257 (log £ 4.76), 289 (4.0), and 301 nm (4.0);max t
l) 3 438s, 1 762vs, and 1 739s cm"1 , max,
Ethyl 2 ,3-dihydro-2-oxo-lH-cyclopenta(/)phenanthrene-1-
-carboxylate (XVa), and the methyl ester (XVb ) ,
51This (XVa) was obtained by warming the condensation 
product (Xllla) in hydriodic acid. It had m.p, 122-124°;
100
T 8,8 (t, vJ 7.0 Hz, CH ), 6.19 (d, J_ 22.0 Hz, CHH.CO,),
5,93 (d, J 22.0 Hz, CHH.CO,), 5.81 (dq, J 7.0, 1.0 Hz,
OCH ) , 5.22 (s, — CH— ) , 2.3 (m, 6ll) , and 1.3 (m, 2H) ; X2 ’ ’ max.
249 (log e 4.67), 257 (4.83), 278.(4,19), 289 (4.08),
and 300 nm (4,13); ^  1 762vs, and 1 710 cm"^,max,
In a similar experiment, the methyl ester (XHIb) (5 g) 
was treated with hydriodic acid (13 ml) to give colourless 
crystals of methyl 2 , 3-dihydro-2-oxo-lH-cyclopenta ( 2 )phenan-. 
threne-l-carboxylate (XVb) (3.9 g) , m.p. 159-l6l° after two 
recrystallisations from methyl acetate (Found: C, 78.4; H, 4,8.
C19*I14°3 re(lu:i-res c i 78.6; H, 4.9%); T 6,28 (s, CH^) , 6.22 (d,
J 22,0 Hz, CHH.CO,), 5.88 (d, 22.0 Hz, CHH.CO,), 5 . 13 (s,
CH), 2.3 (m, 6H) , and 1,2 (m, 2H) ; X 249 (log R 4', 07),m ax«
and 300 nm (4.12); -0 1 760vs, and 1 715vs cm- 1 ,m ax, ’ ■
Reaction between the ethyl ester ( X H I a ) and hydrazine,
The ester (6,4 g) was dissolved in 96% ethanol (100 ml) 
under reflux. To this was added hydrazine hydrate (100%, 1,0
ml) and the mixture boiled for 10 min. After cooling, the solid
was filtered off at the pump and washed with 96% ethanol to
give 1,2,3,4,4a, 12b-hexahydro- 12b-acetic acid ethyl ester-4a_- 
-hydroxy-3-oxo-l,2-diazatriphenylene (L) (4,5 g), m.p. 214-
-215° after two recrystallisations from absolute ethanol, (Found:
C, 68,2; H, 5.6; N, 8,0, C20H 20N 2°4 re(luires 68.2; H, 5.7;
N, 8.0%), T 9,02 (t, J 7.0 Hz, CH3 ), 7.66 (dd, J 13.0, 1.8 Hz,
CHH,C02 ), 7.60 (s, OH), 7.05 (d, J_ 13.0 Hz, CHH.C02 ), 6.94 (d,
J_ 18,0 Hz, CHH.CO.), 6.78 (d, J_ 18,0 Hz, CHH.CO,), 6,24, 6.23 
(q, J 7.0 Hz, 0CH2 ), 4.68br (s, chelated NH), 2.73 (s, C0.NH), 2.6 (m, 4H),
2.4 (m, 2H) , and 2,1 (m, 211), after shaking the solution
with the OH and NH signals disappeared and the signal
at T 7.65 collapsed to a doublet (J_ 18,0 Hz); also (dg-DMSO)
9.11 (t, J 7.0 Hz, CH'), 7.88 (d, J 13.0 Hz, CHH.CO^), 7.34
(d, J_ 13.0 Hz, CHH.COg), 7 . Obr (s, CHg,CO.NH), 6.38 (q, £
7.0Hz, O.CH ), 4.6l (s, chelated NH), 4,27br (s, OH), 2.6
(m, 6H ) , 2,1 (m, 2H ) , and 0,79 (s, CO.NH), addition of D20
caused the OH and NH signals to disappear; X 213 log E’ max, &
4,64), and 274 nm (4,l4); * ^ a 3 300sh, 3 250s, 3 177br s,
(in■ CHC1 3 580, 3 407, and 3 265), -1 732s, 1 723s, 1 657sh,
1 640br vs, and 1 608sh cm~^.
Preparation of the acetyl derivative (LI) ,
The diazatriphenylene ( L) (0,4 g) was dissolved in
boiling acetic anhydride (1.0 ml) and the hot solution • (5O-6O0 )
was evaporated to dryness under reduced pressure. The
residue on recrystallisation from carbon tetrachloride
afforded 1, 2,3 . 4 ,4a,12b-hexahydro-12b-acetic acid ethyl
ester-1-acetyl-4a-hydroxy-3-oxo-1,2-diazatriphenylene ( L)
(0,35 g), m.p. 156-157° [Found: C, 66.7; H, 5.6; N, 7.3;
M t , 394; M:(M+l):(M+2) = 100:25.7:4.0, c22H22N205 requires
C, 67.0; H, 5.6; N, 7.1%; M, 394; M:(M+l):(M+2) = 100:25.08:
4.01]; T 9 .O5 (t, J 7.0 Hz, CH2CH3 ), 7.44 (d, J l 4 .0 Hz,
chh.co2 ), 7.60 (d, j i4,o Hz, chh.co2 ), 7,36 (s, ch3co),
6.98 (s, OH), 6,71 (d, J 18,0 Hz, CHH.CO.NH), 6,65 (d, J_
18.0Hz, CHH.CO.NH), 6 ,l8 (q, J 7.0 Hz, CH C H J , 3,38“  2 5
(s, NH) , 2,5 (m ? 4H) , 2,4 (m, 211), and 2.1 (m, , 2H) , after
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shaking the solution with 0^0 the OH and NH signals dis­
appeared, X 211 (log E 4,64), and 274 nm (4,12);max, ° ’ max,
3 332s, 3 250m, 1 734-vs, and 1 709vs cm"1 ; m/e 39^ (M, 5%), 
376 (13), 352 (20), 335 (20), 334 (11), 333 (7), 307 (8 ),
304 (3), 289 (82), 265 (45), 248 (77), 247 (90), 246 (61),
and 45 (B) , with ^  314.5 (394— *- 352), and 211,1 (289—
247) ,
2,3-Pihydro-3-oxo-l,2-diazatriphenylene (LII),
Method A,- The diazatriphenylene (L) (2,2 g) was placed 
in an oil-bath preheated to 250-260°, Five minutes after 
the compound had melted it was removed from the oil-bath 
and cooled to room temperature. The product after treat­
ment with the activated charcoal and two crystallisations, 
from dioxan followed by pyridine, afforded pale green 
needles (300 mg) m.p, 310-312° (decomp.) of the diazatriph- 
enylene (LII) [Found: C, 78.0; H, 4.1; N, 11,4; My 246;
M :(M+l):(M+2) = 100:18,5^1.8, ^16^10^2^ requires C, 78,0;
H, 4.1; N, 11.7X0; M, 246; M :(M+l):(M+2) = 100:18.5:1.8];
T 2.4 (m, 4H), 2.17 (s, ~ C 1I ), 1.6 (m, 3H) , 1.3 (m, 1H) , 
and -l.lObr (s, NH, disappeared after shaking the solution 
with d2° ) ? also (dg-DMS0) 2.3 (m, 4H), 2.0 (s, = C H ) , 1,4
(m, 4H), and -2.07br (s, N H ) ; X 236 (log E 4,51), 267m a x ,
(4.67), and 279 nm (4.54); 1 660br v s , and l606m cm’ max. ’ »
246 (M, .97%), 218 (80), 217 (3), 190 (77), 189 (B), and 
163 (17), with £  193.3 (246 — ^ 218), 166,3 (217— - 190),
165.6 (218— ^ 190), 164,6 (217— ^189), 163.8 (218— - 189), 
and 140.6 (189— ^163).
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Method 13,-A procedure similar to that described above was 
followed except that the acetyl derivative (LI) (183 mg) 
was placed in the oil-bath preheated to 200-210°, The 
purification of the residue by the method similar to that 
above afforded the pure Qompound (LII) (20 mg).
Ethyl 2-ethoxycarbonylhydrazono-2 ,3-dihydro-1-hydroxy- 
-lH-cyclopenta(I)phenanthrene-l-carboxylate (XL),
To a hot stirred solution of ethyl 2, 3-dihydro-l-hydroxy-2- 
-oxo-lH-cyclopenta(I)phenanthrene-l-carboxylate (XlVa)
(3.2 g) in absolute ethanol (85 ml) was added ethyl carbazate 
(1,04 g) and the reaction mixture heated under reflux for 
7 h. The pale green turbid solution was filtered while 
hot and the filtrate was set aside for crystallisation.
It was recrystallised from ethyl acetate to afford plates 
of the ethoxycarbonylhydrazone (XL), m.p, 199-200° [Found: 
c, 68.1; H, 5.5; N, 7.0; M*, 406 ; M:(M+l):(M+2) = 100:26,1:
4 .7 . C23H 22N 2°5 reclu±res C 1 68 ‘°? ' 5 .5.5 6.9%; M, 4o6 ;
M: (M+l) : (M+2) = 100:26,2:4.3]; ^ 8.97 (t, J/ 7.0 Hz, C^CH^),
8,62 (t, J 7.0 Hz, N.C02CI12CH3 ) , 6.05 (d, J 21,0 Hz, CHIIC=N) , 
5.86 (d, J 21,0 Hz, CHHC=N) , 5.84 (dq, J 7.0 Hz, N . C O ^ H ^ C H ^
5,73 (s, OH), 2,3 (m, 5H), 2,08br (s, NH), 1,9 (m, H ) , and
1,3 (m, 2H), after shaking the solution with D20 the OH
and NH signals disappeared; A 249 (log £ 4.9), 257m ax,
(4.98), .478 (4.06), 289 (%.03), and 301 (4.05)5 i> 3 573w,lit M irfV 9
3 504s, 3 230w, 3 127w, 1 740sh, 1 725vs, 1 695vs, and 
1 655m cm"1 ; m/e 406 (M, 23%), 388 (1.0), 360 (3 ), 333(36), 
317 (52), 287 (41), 244 (B) , 216 (48), 190 (26), and
J.U+
165 (5,5), with m 370,8 (406— ^ 388), 247.4 (406-^-317),
247.3 (333— ^ 287), 207.3 (287— *- 244), 191.3 (244-*-216), 
■178,8' (333— 244) , 123,7 (287-*-190), and 167.0 (216-*- 190) ,
Methyl 2-ethoxycarbonylhydrazono-2,3-dihydro-1-methoxy- 
-lH-cyclopenta ( I ) phenanthrene-l-carbonylate (XLVI),
An acidified (concentrated hydrochloric acid, one drop) 
solution of methyl 3 , 3 a - dihydro-3a-hydroxy-2-oxo-2H- 
cyclopenta ( ^ ) phenanthrene-l-carboxylate (XHIb) (1,33 g) 
and ethyl carbazate (0,56 g) in methanol (25 ml) was heated 
under reflux for 30 min. The pale green solution was 
concen t rated to about 10 ml and cooled to room temperature. 
The product (0,6 g) was precipitated by the addition of water 
and after repeated recrytallisation from benzene afforded 
the pale yellow ethoxycarbonylhydrazone (XLVI), m.p, 218- 
-219° [Found: 0,67.8; Ii, 5.5; N, 7.1; M* 406; M:(M+l):(M+2) = 
100:27.1:4.5. C23H 22N 2°5 reciuires C, 68.0; H, 5.5; N, 6 ,9%;
M, 406; M:(M+l):(M+2) = 100:26.1:4.2]; T 8 .6l (t, J 7.0 Hz, 
CH2CH3 ), 6,81 (s, 0CH3 ), 6, 35 (s, ■ CO. 0CH)', .5.94 (s, CH2 ,C0 ),
5.41 (q, J 7.0 Hz, CH2CH3 ), 2.3 (m, 4H), 2.1 (m, H ) , 1.88br 
(s, NH), 1.7 (m, H ) , and 1,3 (m, 2H), after shaking the
solution with D O  the NH signal disppeared; A- 249 (log £2 m a x ,
5.07), 257 (5.13), 278 (4.42), 289 (4.13), and 301 nm (4.34); 
t )  3 256s, 3 l8lm, 1 745vs, 1 727v s , 1 648w, and 1 6l2wnicix 1
cm"1 ; m/e 406 (M, 29°/) , 374 (5), 347 (B) , 342 (3 ), 333 (9 ), 
301 (7 ), 269 (5 ), 241 (9), 216 (6 ), and 176 (2 ), with m*344.6 
(406— >-374 ), 312,6 (374— 342), 296.6 (4o6 — >-347), 261,0 
(347— >301) , and 211.5 (342-*-269).
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Ethyl 0G-aceto-(%-acetoxy-(%-9 (10H) -phenanthrenon-10-ylacetate 
(XXIV).
This was obtained from 9,10-phenanthraquinone (20 g) , 
ethyl acetoacetate (40 ml), and acetic anhydride (100 ml) 
in the presence of concentrated sulphuric acid (1,7 ml).
The mixture was shaken for 7 h (cjf, ref. 53) and the residue 
(6.5 g) was recrystallised from benzene. It had m.p. 151- 
-152° (lit,53 148°) [Found: m 1\ 380; M:(M+l):(M+2) = 100: 
24.4:4,1. Calc, for C22H 2006: 3 8 0 ;  :^ +2) = 100:
24,3:4.0]; T 9.28 (t, J 7,0 Hz, CH2CH3 ) , 7.89 (s, CO.C^),
7.41 (s, C0,0CH3 ), 6.28 (m, CH2CH3 ), 5.71 (s, -CH-), 2.6 
(m, 4H), 2,3 (m, H ) , and 1,9 (m, 3H) ; A. 246 (log £ 4.53).
254 (4.52), 279 . (3 . 89) ,  and 345 nm (3.48); t )  1 750sh,max,
1 7 43 v s , 1 7 00s ,  1 6 80s ,  and 1 598 cm'1 ; m/e 380 (M, 22%),
338 ( 2 ) ,  337 (0.5), 320 (33), 251 (13), 193 (3), and 43 (B) 
with m* 300,6 (380->- 338) .
9-Acetylazo-10-hydroxyphenanthrene (LIV),
9,10-Phenanthraquinone (2,0 g) was dissolved in absolute 
ethanol (25 ml) and acetylhydrazine (0,74 g) was added; the 
mixture was refluxed for 1.30 h and was allowed to cool to 
room temperature. It deposited yellow needles of the hydr- 
oxyphenanthrene (2,41 g) (LIV), m.p, 155-160°, On recysta- 
llisation from carbon tetrachloride it had m.p, 164-164,5° 
[Found: C., 72.7; H, 4.4; N, 10.6%; M f, 264; M : (M+l) : (M+2) = 
100:18,6:2.0, C16H 12N 2°2 re(luires C i 72,7; H, 4,4; N, 10,5%;
M:(M+l):(M+2 ) = 100:18,3:2,0]; T 7,58 (s, CH3 ), 2.5 (m, 3H),
2.2 (m, H), 1.8 (m, 2H), 1.7 (m, 2H), and -4.l8br (s, OH), 
after the solution had stood in contact with D O  the OH
signal disappeared (after three weeks); A. 242 (log £max ,
4.44), 250 (4.44), 270 (4.51), 293 (3.99), 303 (4.07), and
372 nm (4,08);"P 3 ll8w, 1 695vs, 1 6 6 $ m , 1 628s, andmax,
1598s cm- 1 ; m/e 264 (M, 23%), 236 (2), 221 (86), 193 (64),
178 (5), and 165 (B).
9-Hydroxy-10-hydrogenazophenanthrene (LIII)
Method A,-A mixture of ethyl 06-aceto-(X-acetoxy-0C-9 (10H)- 
-phenanthrenon-10-ylacetate (XXIV) (0,76 g), hydrazine hydrate 
(100%, 0.2 ml), and absolute ethanol (10 ml) was shaken for
3 h and filtered. The residue twice recfystallised from 
cyclohexane yielded light-sensitive green prisms of the hydr- 
ogenazophenanthrene (LIII) (0.22 g), m.p, 135° (decomp,) 
[Found: C, 7 6 .0 ; H, 4.4; N, 12.7; M*, 222. Calc, for
C 14H 10N 20: C ’ 7 5 ’7; H ’ 4,55 N ’ 12-7°^ M 222]; T 2.5 (n., 2H) ,
2,3 (m, 2H ) , 1,8 (m, 2H ) , 1,5 (m, 2H), -3,48br (s), and -3.66 
(s), (OH, NH, exchanged slowly with D O ) ;  3 3l0br s,
ca m3x f
2 104in, 2 090m, 1 670w, and 1 596m cm”1 ; m/e 222 (M, 57%),
194 (66) , and I.65 (JB) ,
Method B,- To a solution of 9-acetylazo-10- hydroxyphenan- 
threne (LIV) (0,13 g) in absolute ethanol (10 ml) was added 
hydrazine hydrate (0,05 ml). The reaction mixture was 
refluxed for one h and chilled. Recrystallisation of the 
solid from cyclohexane yielded the hydrogenazophenanthrene 
(LIV) (0.04 g), m.p. 135° (decomp,) and identical infrared 
absorption.
Attempted reaction of ethyl 2,3-dihydro-1-hydroxy-2-oxo- 
-lH-cyclopenta(/)phenanthrene-1-carboxylate (XlVa) and urea, 
Freshly cut sodium (0,23 g) was dissolved in absolute 
ethanol (25 ml) to this was added the ethyl ester (XlVa)
(3.2 g) followed by the solution of dry urea (0,25 g) in 
absolute ethanol (10 ml). The reaction mixture was refluxed 
for 7 h and poured into hot (70°) water (10 ml); it was 
filtered immediatly and the filtrate acidified with hydro­
chloric acid. Refrigerated overnight there separeted 
pale-green sticky material the repeated recrystallisation 
of which from dioxan afforded colourless prisms (0,1 g) of 
the lactone (XLI), m.p, 220-221,5° [Found: M*, 320, M:(M+l): 
(M+2) =.100:22,2:3.4, Calc, f or C ^ H ^ O ^ : M: (M+l) : (M+2) = 
100:22.0:3.1]; T 8.83 (t, £  7.0 Hz, ‘ CH ), 5.85 (d, J 21,0 
Hz, CHHC0), 5.87, 5.86 (dq, J 7.0, 2,0 Hz, 0.CHo ), 5.53 (d,
I
J 21,0 Hz, CHHC0) , 3.98 (s, -CH-), 2.4 (m, 4H) , 2,0 (m, H) ,
1,8 (m, H ) , and 1,2 (m, 2H ) ; - p i  756vs, 1 738vs, andIII Cl 0
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1 715®h (.££• • ) * The product was identified as ethyl
3 , 4-dihydro-3 -oxo - lH-phenanthro (9, 10-_c ) -pyran-1-carboxylate
(XLI) and its n.m.r. and infrared absorption spectra were
51found identical with those of an authentic specimen, m.p, 
236-238°, The large difference in the m.p, was attributed 
to impurities; further purification was not possible owing 
to the small quantity involved.
Ethyl l-chloro-2 ,3-dihydro-2-oxo-lH-cyclopenta(j )phenanth- 
rene-l-carboxylate (XLV),
3 2The chloro-compound (XLV) was obtained by the action 
of alcoholic hydrogen chloride on ethyl 3 ,3a-dihydro-1-hydro-
1°8
xy-2-oxo-2H-cyclopenta(?)phenanthrene-l-carboxylate (Xllla),
It had m.p. l40-l4l° (_cl, ref. 32) (Found: C, 71.0; H, 4,3;
Cl, 10,87. Calc, for c2oH 15C1°3 : C ’ ^0.9; H, 4.4; Cl, 10.5?0; 
T 8.89 (t, J 7.0 Hz, CH3 ), 5.82 (s, CH2C0), 5.76 (m, O.CHg), 
2.2 (m, 5H) , 1,9 (m, H) , and 1,3 (m, 2H) ; A. 257 nm (log
e 4,49); tA l 774vs ,  and 1 745vs cm"^,max,
Methyl 10-carbamoylmethyl-9-phenanthrylacetate (XXXIII).
A suspension of methyl 2,3-dihydro-2~oxo-lH-cyclo- 
penta(/)phenanthrene-l-carboxylate (XVb) (1,0 g) in methanol 
(200 ml) was stirred and ammonia was passed through the 
mixture for one h. The resulting yellow solution was 
worked up the next morning to yield the amide-ester (XXXIII)
(0,8 g), m.p, 256-2570 after two recrystallisations from 
methanol, [Found: C, 74.0; II, 5.5; N, 5.0; M*, 307; M: (M+l) :
(M+2) = 100:21,2:2,7. C ^ H ^ N O ^  requires C, 74,2; H, 5.6;
N, 4,7; M, 307; M:(M+l):(M+2) = 100:21.3:2.8]; T 6.22 (s, 0CH3 ),
5.78 (s, CH2C0.NH2), 5.68 (s, CH2C02), 4,78br (s, NHH), 3.67br 
(s, NHH), 2,3 (m, 4H), 1,9 (m, II), 1.8 (m, H) , and 1,3 (m,
2H) , after shaking the solution with D20 the signals disa­
ppeared; A. 249 (log £ 4,69), 256 (4,80), 277 (4.09),max,
288 (3 .98), and 300 nm (4,02); „ 3 398s, 3 310br m,
IllaX •
3 205s, 1 710vs, 1 665v s ,  1 655sh, and 1 628m cm’1 ; m/e 307
(M, 19%), 290.(10), 275 (14), 264 (7), 263 (3), 262 (3), 258(3), 247
(20), 2 32 (16),-231 (33), 230 (40) , 204 (41) , 203 (B) , with m*273.4
(307— 290), 260,7 (290— *- 275), 246.3 (307— 247), 221,8
(275 -—  2 4 7 ) 194-.1 (275  -  231), 184.0 (290- ^ 231), 179.3
(232 —  204), 178.3 (231— ^203), and 166.8 (247 —  203).
9-Amino-9-carbamoylmethyl-10(9H)-phenanthryleneacetamide 
(XLVIII).
Finely powdered methyl 3,3a-dihydro-3a-hydroxy-2-oxo- 
-lH-cyc lopenta (I ) phenanthrene- 1-carboxylate (XHIb) (3 g) 
was suspended in absolute ethanol (800 ml); ammonia was 
passed through the suspension for 7 h. The resulting 
brown-red solution was left undisturbed for 136 days. The 
residue (4,5 g) separated by filtration and boiled in absolut 
ethanol to give amorphous powder of the phenanthryleneacet- 
amide (XLVIII) (decomposed ~ 200°) [Found: C, 70,2; H, 5.5;
N, 14,0; M*, 307; M:(M+l):(M+2) = 100:20,7:2.2. cl8H 17N3°2
requires C, 70.3; H, 5.5; N, 13.7%; M, 307; M:(M+l):(M+2) = 
100:20.9:2,5]; T (dg-DMSO), 8.11br (s, 'c.NH ), 8 ,04 (d,
J 16,0 Hz, CHHC0), 7.53 (d, J 16,0 Hz, CHHC0), 4.44 (s, =CHC0)
3,03br (s, C0,NH2), 2.7 (m, =CHC0.NHH, 4ll) , 2.2 (m, =CHC0.NHH,
4H); "0 3 458vs, 3 440br vs, 3 270sh, 3 125br s, 1 670s,max.
1 648m, and 1 635vs; m/e 307 (M, 49%), 2 9 1 (18), 2 9 0 (19),
274 (35), 273 (B), 272 (14), 257 (13), 256 (10), 246 (29),
245 (19), 233 (18), 231 (14), 230 (18), and 202 (24), with 
nf 288,0 (290-** 289), 257.9 (307—  291), 257.0 (290—  273),
241,0 (274—  257), and 240,0 (273—  256).
3,3a-Dihydro-3a-hydroxy-2-oxo-2H-cyclopenta(I )phenanthrene- 
--1-carboxamide (XLIX) ,
9-Amino-9-carbamoylmethyl-10 ( 9|i) - phenanthryleneace- 
tamide (XLVIII) (0,5 g)was boiled with aqueous sulphuric acid 
(5%, 25 ml) for 10 m. The greenish-yellow solid was sepa­
rated and washed with plenty of water to afford the amide 
(XLIX) (0.46 g), Crystallisation from 96% ethanol (50% loss)
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gave yellow rhombs, m.p. 209-210° (decomp,) (preheated block)
[ Found: C, 72.7; H, 4.4; N, 4.5; M*, 291, M: (M+l) : (M+2) = 
100:19,6:2,2. C13H 13N03 requires C, 74,2; H, 4,5; N, 4.8°/;
M, 291; M:(M+l):(M+2) = 100:20.2:2.5]; 1 7.40 (s, OH), 6.82 
(d, £  18.0 IIz, CHHCO) , 6,63 (d, £  18,0 Hz, CHHCO), 4.31br 
(s, NHH), 2.6 (m, NHH, 4H), 2.3 (m, H ) , 2,1 (m, 2H), and 1.8
(m, H ) , after shaking the solution with B^O signals at T 7.40
and 4,31 disappeared; also (dg-DMSO) 7.07 (d, _J 18,0 Hz, CHHCO),
6.78 (d, J 18.0 Hz, CHHCO), 3,96 (s, OH), 2,6 (m, NH 5H),
1,1 • 1 Ud
2.1 (m, H ) , 1.9 (m, 2H), addition of D^O caused the NH^ and
OH signals to dis a p p e a r ;  A. 220 (log £ 4,11), 258 (4.50),md.x 0
and 300 nm (4 .0 ) ; 1) 3 575br w, 3 445s, 3 360br s, 3 l48w,nici x 9
1 698VS, 1 676vs, 1 652m, and 1 630sh cm ^ ; m/e 291 (M, 53%),
274 (65), 246 (59), 232 (23), 218 (64), 204 (45), 202 (92),
189 (B), 178 (53), 176 (46), 165 (35), 163 (19), 152 (11),
151 (19), and 150 (18), with m* 257.7 (291-— *-274) , and 221,0 
(274— ^246),
3 i3&-dihydro-3-hyd r oxy~2-oxo-2H-eyelopenta(I )phenanthrene- 
-1-carboxamide (XLIV),
A suspension of methyl 2,3-dihydro-l-hydroxy-2-oxo- 
-lH-cyclopenta(I )phenanthrene-l-carboxylate (XlVa) (1,0 g) 
in methanol (200 ml) was stirred and ammonia was passed 
through it for 3 h. The resulting greenish-blue mixture 
was stirred for another 6 h and solid was filtered off.
It was boiled in methanol to afford pale-green needles of 
the amide (XLIV) (0,2 g), m.p, 252-255° (Found: M * , 291. 
Cl8H 13NO requires M, 291); I (dg-DMSO) 5.33 (t, 2 A M 7-°,
± M X 6,0 H z ’ ci!0H), 5.04 (d, J ^ 6 . 0  Hz,— CH-), 4.09 (d, jJ AM 7.0,
Ill
Hz, CHOH), 2.73br (s, CO.NHH), 2.2 (m, 4H) , 1.9 (m, H ) , 1.6
(m, H ) , and 1.0 (m, CO,NHH, 2H), after shaking the solution
with B^O NH and OH signals disappeared (C0NHI| exchanged slowly,
and signal at T 5.33 collapsed to a doublet), after irradiating
the proton giving rise to the signal at T 4.09 the signal at
5,33 collapsed to a doublet (J 6,0 Hz); X 246, 264, 283,max,
and 315 nm; -p v 3 390br vs, 1 640sh, 1 625vs, 1 621s, andItl^ X 9
1 6l0s cm"1 ; m/e 291 (M, 60°/o) , 274 (28), 273 (6 ), 246 (69),
230 (B), 231 (51), 218 (33), 202 (33), 189 (97), 176 (17),
165 (39), and 163 (19), with m* 257.9 (291—  274), 193.7 
(273->- 230), and 177.4 (230— 202),
The reaction product obtained from the reaction between
9-amino-9-carbamoylmethyl-10(9H)-phenanthryleneacetamide
(XLVIII) and acetic anhydride.
This was obtained by warming the phenanthtyleneace-
tamide (XLVIII) (300 mg) with acetic anhydride (2 m l),
Recrystallisation from acetone-light petroleum ( b.p, 60-80°)
afforded a substance (28 mg), m.p, 210-212,5° [Found: C, 72,2;
H, 4.9; N, 8,3; M*, 332; M:(M+l):(M+2) = 100:22.7:3.1.
C20H i6N 2°3 re(luires c » 72.3; H, 4.9; N, 8.4%; M, 332; :Mi (M+l) :
(M+2) = 100:22,4:3.4]; T 7.82 (s), 4.47br (s), 3.89br (s),
2,89 (s), 1.5 (m), 1,2 (m), 1,0 (m), and -0 .82br (s), after
shaking the solution with D^O signals at T 4.47, 3.89 and
-0,82 disappeared; also (dg-DMS0) 7.93 (s), 4,44 (s), 3.13
(s), 2.7 (m), 1.67 (s), and 0 ,8l (s); 1? 3 4l0s, 3 360s,max,
3 300sh, 1 665vs, 1 655sh, and 1 630s.
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Ethyl 2-hydrazono-2,3-dihydro-l-hydroxy-lH-cyclopenta { I )- 
-phenanthrene-l-carboxylate ( XXXVII)
Ethyl 2 ,3-dihydro-l-hydroxy-2-oxo-lH-cyclopenta(2-)-
phenanthrene-l-carboxylate (XlVa ) (1,6 g) was dissolved
in 96% ethanol (35 ml) and hydrazine hydrate (100%, 0,3 ml)
was added. The reaction mixture was acidified (one drop
of concentr ted hydrochloric acid) and boiled under reflux
for one h. The resulting solid (1.4 g) was filtered off
and washed with cold 96% ethanol. Recrystallisation once
only from absolute ethanol afforded the pure product, m.p,
189.5-190,5° [Found: C, 71.7; H, 5.4; N, 8.1; M * , 334;
M:(M+l):(M+2) = 100:23.8:2.7, c20H l8N 2°3 re<luires c > 71.8;
H, 5.4; N, 8.4%; M, 334; M:(M+l):(M+2) = 100:22,8:3.1]; I
9.0 (t, J 7.0 Hz, CH^), 6.11 (d, J 21,0 Hz, CHH.CO), 5.92
(d, J_ 21.0 Hz, CHH.CO), 5,84 (q, J 7.0 Hz, 0CH2 ), 5.45
(s, OH), 4.54 (s, NH2 ), 2.3 (m, 4H), 2.1 (m, 1H) , 1.9 (m,
1H), and 1.2 (m, 2H); also (dg-DMSO), T 9 .9O (t, £  7.0 Hz,
CH3 ), 6.02 (s, CH2 .C0), 5.98 (q, J 7.0 Hz, 0CH2 ), 3 .71 (s,
OH), 3.6br (s, NH2 ), 2.3 (m, 4H), 2,0 (m, 2H), and 1,1 (m,
2H), addition of D20 caused the NH2 and OH signals to
disappear; A. 249 (log £ 4.76), 256 (4.84), 278 (4,l4),m ax«
288 (4,04), and 300 nm (4,08); V  3 390s, 3 330s, 3 262br s,m ax,
1 662vs, 1 652sh, 1 631m, and 1 6l0m cm- 1 ; m/e 334 (M, 3%),
302 (69), 288 (32), 261 (91), and 244 (B) with ^ 2 8 5 . 5 (320— ^  
3 0 2), and 22 8 ,1 (261— *-244) .
2-Hydrazono-2 ,3-dihydro-1-hydroxy-1H-eyelopenta ( I ) phenan- 
threne-1-earbpxylhydrazide (XXXVIII),
A solution of ethyl 2,3-dihydro-l-hydroxy-2-oxo-lH-
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-cyclopenta(1 )phenanthrene-l-carboxylate (XlVa) (3,2 g) 
in ablolute ethanol (100 ml) and hydrazine hydrate (100%,
1.0 ml) was heated under reflux for 30 m in, The solid was 
collected (2,0 g) and washed with 96% ethanol to give the 
hydrazono-hydrazide (XXXVTU) which after recrystallisation 
from acetonitrile decomposed at 225° [Found: C, 6 7 .^; H,
4,9; N, 17.6; M f , 320; M:(M+l):(M+2) = 100:20.5:3.0.
C18H i6N4°2 r(luires C > H, 5.0; N, 17.5#; M, 320; M:(M+1):
(M+2) = 100:21.3:2,6]; T (dg-DMSO) 6 .18 (d, J 22.0 Hz,
CHH.CO), 6,07 (d, J_ 22,0 Hz, CHH.CO), 5.68br (s, N.NH ),
3.7br (s, C0.NHNH2 ), 3.63 (s, OH), 2.3 (m, 4H), 2.1 (m, 1H ) ,
1,8 (m, 1H), 1.2 (m, 2H ) , and 0,78br (s, C0.NH), addition
of D,_.0 caused the NH, and OH signals to disappear; \2 0 ’ max.
2^9sh, 256, 277, 287, and 300 nm; *0 3 436vs, 3 370s,max.
3 3l8w, 3 l40br m, 1 656VS, 1 653sh, 1 647sh, and 1 592w
-1cm .
The same product was obtained almost quantitatively 
from the corresponding methyl ester (XlVb).
Ethyl 2,3-dihydro-1-hydroxy-2-phenylhydrazono-lH-eyelopenta-
(I )phenanthrene-l-carboxylate (XXIX).
The phenylhydrazone (XXIX ) was obtained by the proce- 
32
dure discribed by Japp and Klingemann. It had m.p, 208-
op
-209 (decomp.) (lit. 210-212°) (Found: C; 76,2; H, 5.5;
N, 6,7 . Calc, for c 2^ 2 2 ^ 2 ° 3  C ’ 76 *1 ; H ’ 5 • k ; N ’ 6 ’ 8°/o) ;
T 8.97 (t, J 7.0 Hz, CH2CH3 ), 5.99 (d, £  20.5 Hz, CHH.C=NN), 
5.81 (d, J 20.5 Hz, CHH.C=NN), 5.81 (m, CH2CH3 ), 5-53br (s, 
OH), 3.1 (m, 2H), 2.7 (m, k H ), 2.67 (s, NH), 2.3 (m, 3H),
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2.1 (m, 1H), 1,9 (m, 1H ) , 1,22 (m, 2H) , after shaking the
solution with D O the OH and NH signals disappeared; A.2 max,
256 (log, E 4,94), 2,79 (4,6l), 287 (4.58), and 300 nm
(4.55); -0 3 524m br, 3 314m, 1 732sh, 1 721vs, 1 7l6sh,max,
- 11 705sh, and 1 59^vs cm ,
Ethyl 10-carbazoylmethyl-9-phenanthrylacetate ( XXXIV),
To a boiling solution of ethyl 2 ,3-dihydro-2-oxo-lH- 
-cyclopenta(I )phenanthrene-l-carboxylate (XlVb) (1,5 g) 
in 96% ethanol (50 ml) was added hydrazine hydrate (100%,
0,5 ml) and the reaction mixture was boiled under reflux 
for 15 min. It was left undisturbed for 24 h and filtered; 
the residue was washed with 96% ethanol to afford the half 
ester-half hydrazide (1.3 g), m.p. 220° (preheated block) 
after two recrystallisations from 96% ethanol [Found: C,
71.3; H, 5 .8 ; N, 8.4; M + , 336; M:(M+l):(M+2 ) = 100:23.5:3.3. 
C20H 20N 2°3 re<luires C - 71.4; H, 6.0; N, 8.3; M, 336; M:(M+1): 
(M+2) = 100:22.8:3.1]; T 8.71 (t , J 7.0 Hz, O.CHgCH ), 6 .23br 
(s, NH2 ), 5.76 (q, J 7.0 Hz, O.CHgCH ), 5.75 (s, CH2 .CO.NH), 
5.72 (s, CH .00,0), 2.3 (m, NH, 4H) , 1.9 (tn, 2H) , and 1.2 
(m, 2H); X 225 (log S 4,45), 250 (4.69), 257 (4.79),
279 (4.08), 289 (3 .98), and 301 nm (3.99); O  3 3lObr vs,m a x ,
3 200br w, 1 730vs, 1 655vs, 1 650s, and 1 640sh cm"'1'; 
m/e 336 (M, 19%), 318 (l), 304 (24), 305 (7), 29O (24),
277 (27), 263 (6 ), 262 (9 ), 258 (22), 249 (9), 248 (8 ),
231 (57), and 203 (B), with tn* 275.0 (336-—  304), 250.2
(336 —  290), 229.5 (290 —  258), 223.7 (277-*- 249), 205.4.(262-*-
232), 184.5 (304—  249), and 146,5 (249— *-191).
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Methyl 10-carbazoylmethyl-9-phenanthrylacetate (XXXV),
In an experiment similar to the one just described, 
methyl 2 ,3-dihydro~2-oxo-lH-cyclopenta( I )phenanthrene-1- 
-carboxylate (XlVb) (1.3 g) in methanol (75 ml) was treated 
with hydrazine hydrate (100%, 0.6 ml) to give the corresp­
onding methyl derivative (XXXV) m.p, 232° (preheated block) 
after recrystallisation from methanol (Found: C, 70,7; H,
5.6; N, 8 .8 , c19h 18N 2°3 requires C, 70.8; H, 5.6; N, 8,7%);
T 6 ,22br (s, NH2 ), 6.21 (s, 0. CH3 ) , 5.73 (s, CH^CO), 5.69 
(s, CH^CO.NH ),'2.49br (s, C0.NHNH2 ), 2.3 (m, 4H) , 1.9 (m,
2H), and 1,2 (m, 2H), after shaking the solution with 020
the NH signals disappeared; X 225 (log E 4.4l), 249max.
(4.67), 257 (4.76), 278 (4.03), 289 (3.95), 301 nm (4.0);
3 300br vs, 3 200br sh, 1 728vs, 1 658VS, and l630brmax, 7 7 7
v. -1sh cm ,
Ethyl 2-acetylhydrazono-2,3-dihydro-1-hydroxy-1H-eyelopenta-
(2)phenanthrene-l-carboxylate ( XXXIX) ,
To a hot stirred solution of ethyl 2,3-dihydro-l- 
-hydroxy-2-oxo-lH-eyelopenta(/)phenanthrene-l-carboxylate 
(XlVa) (1.6 g) in absolute ethanol (75 ml) was added acetyl- 
hydrazine (0.4 ml). The mixture was refluxed for 2 h and 
the residue (1,0 g ) was separated when cold. Recrystall­
isation from ethanol followed by chloroform afforded needles 
of the acetylhydrazone ( XXXIX) m.p, 240-241° [Found: C, 70,4; 
H, 5.3; N, 7.4; M*, 376; M:(M+l):(M+2) = 100:25.0:4.4, 
C22H 20N2°4 reRuires c i 70,2; H, 5.4; N, 7.4%; M, 376; M:(M+l): 
(M+2) = 100:25.0:3.8]; T 8.96 (t, J 7.0 Hz, CH2CH3 ), 7.6
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(s, CO.CH ), 5.97 (d, J 20.5 Hz, C HH.C=N), 5.81, 5.79 (m,
CHgCH ), 5.78 (d, 20.5 Hz, CHH.C=N), 5.44 (s, OH), 2.3 (m,
4H), 2,1 (m, H ) , 1.9 (m, H ) , 1,2 (m, 2H), and 0,82br (s,
NH), after shaking the solution with D^O the OH and NH
signals disappeared; also (dg-DMSO) T 9.04 (t , J_ 7.0 Hz, 0H2~
CH ), 7.8 (s, C0,CH3 ), 5.96 (q, J 7.0 Hz, CH2CH3 ), 5.94 (d,
J_ 21.5 Hz, CHH.C N), 5.76 (d, J 21.5 Hz, CHHC=N) , 3,29 (s,
OH), 2.1 (m, 5H), 1.9 (m, H ) , 1.1 (m, 2H), and - 0 .56 (d,
NH), addition of D20 caused the NH and OH signals to disappear;
X 249 (log E 4,71), 256 (4,74), 2,78 (4.18), 288 (4.06),max«
and 301 nm (4.07); 3 522m, 3 138w, 3 088w, 1 730vs,m a x .
1 68lvs, 1 657m, and 1 620w cm"1'; m/ 376 (M, 550, 358 (2)
318 (30), 317 (37), 303 (30), 302 (10), 289 (3), 244 (B), 216 (59), 
and 190 (34), with m* 3^0.9 (376— >-358), 267.3 (376— 317), 
263.5 (317— > 289), 242.4 (376 —  302), 196.5 (303— **244), 191.2 
(244— 216), and 187.8 (317— *- 244).
Ethyl 2-acetylhydrazono-2,3-dihydro-lH-eyelopenta(7)- 
phenanthrene-l-carboxylate (XXXI),
To a hot stirred solution of ethyl 2 ,3-dihydro-2-oxo- 
-lH-cyclopenta(I )phenanthrene-l-carboxylate (XVa ) (1.5 g)
in absolute ethanol (30 ml) was added acetylhydrazine (0,4 g) ,
The reaction mixture was heated under reflux until the 
product separated (about 10 min), heating was then discon­
tinued and the mixture filtered when cold. The residue 
(1,5 g) was washed with 96% ethanol and twice recrystallised 
from dioxan to afford pale-green rhombs of the acetylhydr- 
azone (XXXI) m.p, 221-222° (decomp,) [Found: C, 72,5; H,
5 .6 ; N, 7.7; M*, 360; M:(M+l):(M+2) = 100:25.8:3.2,
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C22H 20N 2°3 rectuires C > 73.3; H, 5 ,6 ; N, 7.8%; M, 360;
M:(M+l):(M+2) = 100:25.0:3.6]; T 8.78 (t, JT 7.0 Hz,
CH..CH ), 7.58 (s, CO.CH ), 5.91 br (s, CH2C N ) , 5.77 
(q, J 7.0 Hz, CH2CH ), 4.78 (s, -CH-), 2.3 (m, 5H), 2.1 
(m, 1H), 1,3 (m, 2H), and 1.2 (s, NH), after shaking the
solution with D O  the NH signal disappeared ; K 248& ina x ,
(log e 4.73), 256 (4.82), 278 (4.0 6 ), 2.08 (4.0), and
300 nm (4.01); 1)  3 l82br m, 3 095br m, 3 064m, 1 757w,m ax.
1 727vs, 1 677vs , 1 670sh, and 1 648s; m/_e 360 (M, 10%),
315 (4), 288 (8 ), 287 (2), 245 (12), 230 (80), and 202 (B) ,
Methyl 2-acetylhydrazono-2 ,3-dihydro-1-methoxy-2-oxo- 
-1H-eyelopenta(1 )phenanthrene-l-carboxylate (XLVII).
The acidified (concentrated hydrochloric acid, 3 
drops) mixture of methyl 3 ,3a-dihydro-3a-hydroxy-2-oxo- 
-2H-cyclopenta(I )phenanthrene-1-carboxylate (Xllla) (3 . 06 
g), acetyl hydrazine (0,42 g) and methanol (150 ml) was shaken 
for 135 h and filtered. The residue (2,3 g), twice 
recrystallised from methanol afforded colourless needles 
of the acetylhydrazone (XLVII), m.p, 226-228.5° (decomp.) 
[Found: C, 70.2; H, 5.2; N, 7.5; M f , 376; M :(M+l):(M+2) = 
100:24.2:3.7. C22H20N 2°4 requires'C, 70.2; H, 5.4; N, 7.4%;
M, 376; M:(M+l):(M+2) = 100:25.0:3.8]; T 7.54 (s, NH.CO.CH^), 
6.84 (s,.0CH ), 6.36 (s, C02CH3 ), 5.82 (s, CH2C N ) ,  2,3 
(m, 4H), 2,1 (m, 1H), 1.7 (m, 1H), 1,2 (m, 2H), and 0,09 
(s, NH, disappeared after shaking the solution with D20) ;
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-0 3 235s, 1 748 v s , 1 715s, 1 688vs, and 1 650m cm"1 ;max»
m/e 376 (M, l4°/o), 344 (13), 316 (36), 287 (4), 275 (21), 
260 (18), 243 (24), 230 (25), 229 (13), and 43 (B)f with 
m * 3 l 4 . 6  (37 6 — *-344).
Methyl 2-ethoxycarbonylhydrazono-2,3-dihydro-1H-eyelopen­
ta ( I )phenanthrene-l-carboxylate (XXXII),
An acidified (concentrated hydrochloric acid, one drop) 
solution of methyl 2,3-dihydro-2-oxo-lH-cyclopenta(I )phe­
nanthrene-l-carboxylate (XVb) (1,5 g) and ethyl carbazate 
(0.6 g) in methanol (70 ml) was heated under reflux for 
one h. It was cooled to room temperature and filtered at 
the pump. The residue (0.7 g) was washed with methanol 
and twice recrystallised from toluene to afford colourless 
prisms of the ethoxycarbonylhydrazone (XXXII), m.p, 215- 
-216° (decomp,) [Found: C, 71.1; H, 5.4; N, 7.3; M*, 376;
M:(M+l):(M+2) = 100:24.4:4.2. C22H 20N 2°4 re<luires C i 70,2;
H, 5,4; N, 7.4%; M 376; M:(M+l):(M+2) = 100:25.0:3.8]; T.
8.62 (t, J 7.0 Hz, CH2CH3 ); 6.30 (s, 0.CH3), 6.0 (d, J 20.0 
Hz, CHHC=N), 5,9 (d, J_ 20.0 Hz, CHH=N) ; 5.63 (q, J 7.0 Hz, 
CH2CH3 ); 4.67 (s , CH ), 2.3 (m, NH, 5H), 1.9 (m, H ) , and
I,2 (m, 2H); X 249, 257, 279, 289, and 301; 1)  3 240w,
IH q .A . 9 l i l u X  $
3 150w, 1 74lvs, 1 705br vs, 1 700sh, and 1 693sh cm"1 ; 
m/e 376 (M, 3 9 % ) , 344 (26), 330 (6 ), 317 (7), 298 (18),
287 (7), 272-'(27), 271 (31), 256 (24), 242 (16), and 215 
(B), with m+314.7 (376-^344), 289.8 (376-*-330), and
258.1 (344— *-298) .
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